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AUTHORS' PREFACE. 



The present treatise* appeared in the " Zeitschrift des 
Oesterreichischen Ingenieur- und Architecten-Vereins " in 1869. 
At that time but a few separate copies were prepared and 
distributed among professional co-laborers. A considerable 
inquiry for such copies soon arose, and, as no more were to be 
had, the volume of the " Zeitschrift '* was. taken instead, which 
also has long since been exhausted. As the demand continued, 
and as our formula has come into use in Germany and Italy, 
and is recommended by M. Achille Bazaine to French en- 
gineers,f the Direction of Public Works of the Canton of Berne 
(virtually, the Government Counsellor, Mr. Kilian) decided to 
have our treatise republished in an octavo edition. We have 
added to it a supplement, from which it will be seen that since 
the establishment of the formula no reason has appeared for 
modifying it in any way. 

Berne, January 1877. 

^^ * Versuch zur Aufstellung einer neuen allgemeinen Formel ftir die gleich- 

0^ Idrmige Bewegung des Wassers in CanSlen und Fliissen. 
^ t See M6moires de la Soci6t6 des Ing6nieurs civils. Paris, 1876. 



AUTHORS' PREFACE TO THE PRESENT 
TRANSLATION. 



The present translation of the second edition (1877) of our 
treatise " Versuch zur Aufstellung einer neuen allgemeinen 
Formel fur die gleichformige Bewegung des Wassei's in Canalen 
und Fliissen" is authorized by us. 

A number of articles upon the subject have been issued 
from time to time by Mr. Kutter, among which is a series of 
tables of velocities and dischargcH, demanded by professors 
of agricultural engineering in Germany for the use of their 
schools. Oil the expediency of publishing these tables, how- 
ever, the writer has expressed himself as follows on page 13 
of his latest work;* "These tables were calculated at the 
■■request of Professor Diinkelbcrg of Bonn, who had recognized 
Tjbe insufficiency of the constant coefficient c in the general 
Sornfiula v =■ c */ RS for the design of small canals in earth ; 
md were published in his Journal ' Der Cultur-Ingenieur,' vol. 
, in the year 1870. The author has, however, repeatedly in- 
sisted that it is better to use the new general formula itself, 
and the graphic process which forms its basis, neither of which 
offers the slightest difRculty." 

The tables, together with the accompanying text, were 
Itranslated into English in 1876 by Jackson from the Journal 
Iteferred to, but without authority from the author. They 
were contained also in the (authorized) Italian translation 
by B. Dal Bosco of Mj. Kutter's work "Die neuen Formeln fiir 
die Bewegung des Wassers." But it is hardly necessary to 
lay that the development and presentation of the formula, 

* ■■ Benegung des Wasscra in CanSlen und Fllisscn," ad ed. Berlin. 1885. 
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established both experimentally and mathematically, and now 
generally known and used, have a value superior to that rff 
incomplete tables, which can find but a limited application 
since they serve only for canals in earth and for only three 
widely differing degrees of roughness of wet perimeter (« = 
0.025, n — 0.030, and n = 0.035). 

The motive to our investigations and studies was the dem- 
onstrated uncertainty of the older coefficients, contained in the 
formulae of deProny, Eytelwein, and others, and the nearly 
simultaneous publication of the works of M. Bazin and of 
Messrs, Humphreys and Abbot, both containing new formulae 
based upon the results of very important gaugings made under 
exactly opposite conditions, namely, in small artificial channels 
on the one hand, and in the Mississippi and its tributaries on 
the other. 

The last-named work contained a request that the new 
American formula suggested in it should be tested by applica- 
tion to European channels with steep slopes. The result of 
our investigations in response to this request was published in 
Kutter's " Kurzer Bericht," * and consisted in the demonstra- 
tion of the inapplicability of the new American formula to 
channels with great descent. 

In studying the subject we made continual use of the gra- 
phic method, and were eventually led to the recognition of the 
elements affecting the flow of water, and thus to the develop- 
ment of our general formula. 

The Department of Public Works of the Canton of Berne 
was directed to take part in the Centennial World's Exhibi- 
tion in Philadelphia in 1876, and we were desirous of acquaint- 
ing the American engineers with the results of our researches 
in connection with the Mississippi investigation. At the close 
of the Exhibition our entire exhibit was presented to the War 
Department of the United States, and is probably still in its 
possession. 

Mr. Kutter conducted not only the graphic investigations 
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and the great mass of calculations, but also the writing of the 
treatise, while Mr. Ganguillet took upon himself the algebraic 
and analytical portion of the task. 

We hope that the present translation may contribute to- 
wards the development and advancement of hydraulic knowl- 
edge in America and wherever the English language prevails. 

E. Ganguillet, Chief Engineer. 
W. R. KUTTER, Engineer. 

Berne, February i8, 1888. 




"It is perhaps unnecessary to enlarge upon the great useful- 
ness of a mathematical expression which determines with 
approximate correctness the velocity of water flowing in regular 
channels of any size and shape, and under all usual conditions. 
It has been said that a single formula satisfying a requirement 
so general in its character would not be practical. But when 
we consider that the laws of flowing water must be the same 
whether the channel is large or small, slightly inclined or 
precipitous, and that it is impracticable, if not impossible, to fix 
exact limits of conditions up to which one formula and beyond 
which another one applies, it seems reasonable to seek for such 
a general expression, particularly when extreme accuracy is not 
required. 

Until Humphreys and Abbot gauged the Mississippi River 
and Darcy and Bazin gauged a large number of small channels, 
differing in the nature of their perimeter, there was no satisfac- 
tory basis for a general formula. But with the aid of these 
gaugings, and of others made by our authors of mountain 
streams of nearly uniform cross-section and great descent, 
they believed themselves to be in possession of the necessary 
data for the development of a -general formula for the flow of 
water in the regular reaches of rivers and smaller channels. 

Some misapprehension still appears to exist as to the claims 
of the authors. They have been regarded as holding their 
formula to be scientifically perfect, and to cover both possible 
and impossible conditions of flow. In the work here translated 
they expressly disclaim any such assumption, and insist that 
it is purely and essentially empirical, and must not be expected 
to apply to cases beyond the range of the data from which it 
has been derived; and we are glad of the opportunity to dis- 
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abuse any English and American readers of this misconcep- 
tion, and also to present to them the process of reasoning 
which led to the formula which is now regarded by most hy- 
draulicians as the best that has been reached up to the present 
time. 

It belongs to the general class of " slope-form ulse," and its 
application is therefore of course limited to cases where the 
slope of the water-surface can be ascertained with a degree of 
accuracy sufficient for the given case. In large rivers this is 
very difficult, if not impossible, on account of the very light 
slopes and of the irregularities of the water-surface, both 
longitudinally and transversely. During the passage of flood- 
waves, in fact, the slope sometimes entirely loses its value for 
determining velocities, because during a rising and falling of a 
river the inclination of the water-surface and mean radius may 
be the same, while the respective mean velocities are different. 

For important questions in large rivers, slope-formulae are 
therefore generally discarded, and other means adopted for 
ascertaining the discharge. Indeed, it seems doubtful whether 
any general formula can be made applicable to very large 
streams, from the many irregularities and other features peculiar 
to each one, A special equation for the particular site, depend- 
ent in the main only upon the mean depth and deduced from 
gaugings made for the respective section, appears to be the 
best method of estimating their discharge. But for smaller 
streams and for artificial channels a slope-formula offers the 
only practical or at least most useful method of presenting the 
conditions of flow. 

As, however, time and means are not always at hand for 
accurately gauging a large river, and as in such cases a slope- 
formula may often give an acceptable approximation, we have 
included in our Table I a list of those gaugings of large streams 
where the slope was carefully determined. They are useful, 
further, in closely indicating certain extreme values to which 
a general slope-formula should conform. 

As the relation i' = c "t/RS will most Ukely remain its funda- 
mental expression, the coefficient c, which varies with different 
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conditions, will hereafter require the most careful attention of 
hydraulicians. A number of authors have endeavored to estab- 
lish laws for its variation, and among them Ganguiilct and 
Kutter appear so far to have been the most successful. More 
recently Mr, Hamilton Smith, Jr., following the same lines as 
our authors, has endeavored to generalize the variation of c, 
but without giving it a mathematical form. He acknowledges 
its dependence upon R, S, and a coefficient of roughness {A), 
but leaves its determination, except in a few instances, for 
extremely regular conditions, to the judgment of the practical 
engineer. Our authors endeavored to give a mathematical 
expression for the variation of c with R and S, and thus confine 
the exercise of judgment to a selection of a proper value 
for n (coefficient of roughness), which is found to be nearly 
constant for the varying conditions of flow occurring in one 
and the same channel. This renders the choice of a coefficient 
for a given case a much simpler matter, and reduces the liability 
to err in judgment. 

Our authors, we believe, were the first to notice certain op- 
posite effects in the variation of the coefficient c with the 
slope. Their own investigations led them to make the assump- 
tion, which is embodied in their formula, that these effects de- 
pended upon the size of the channel, and that the point of 
change was found to be in one whose mean radius was about 
one meter. They, however, recognized the insufficiency of the 
data upon which this assumption and the convenient limit of 
one meter are based, and admitted that the point of change 
might be variable. The collection of gaugings in Table I in- 
dicates that where the perimeter is very rough, this point of 
change is found in a channel whose mean radius is less than 
one meter, and vice versa. The gaugings also indicate that, as 
pointed out by the authors on p. 99, a given difference of rough- 
ness has less effect upon the coefficient c in large rivers than in 
small channels, which feature is likewise not represented in the 
formula. 

The present volume is the first published translation of 
Ganguillet and Kutter's chief work; " Versuch zur Aufstellung 
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einer iieuen allgemcinen Formel fur die gleichformige Bewe- 
gung des Wassers in Canalen und Fliissen," Berne, 1877. Mr. 
Lowis D'A. Jackson's work, " The New Formula for the Mean 
Velocity of Discharge of Rivers and Canals," London, 1876, 
was translated chiefly from articles published in the " Cultur- 
Ingenieur"' and in the " Zeitschrift des Oesterreichischen In- 
genieur und Architccten Vereins." 

The first part of tJie present work is devoted chiefly to his- 
torical matter, and to a glance at the status of our knowledge 
concerning the laws of flowing water. The second part treats 
of the establishment of the new formula, and shows its close 
agreement with a large number of experimental results obtained 
under widely different conditions. In a supplement the authors 
add a more direct method of deriving their formula "to satisfy 
those who prefer mathematical brevity," and sketch the develop- 
ment of a second general formula, which assumes that the 
effect of slope upon the coefficient c is the same in small chan- 
nels as in large streams, but which they consider inferior to the 
first one. 

Great pains have been taken to give a faithful representa- 
tion of the authors' ideas rather than a scrupulous translation 
of their words and expressions. While, therefore, we have con- 
densed the text in a number of instances, we have in others 
added to or amended it, and have inserted new figures and 
elaborated the older ones wherever we thought it conducive 
to greater clearness. 

In the Appendices I to IV we give a number of extracts 
from sundry works of Mr. Kutter bearing upon the subject, 
and in order to make the volume as useful as possible we have 
added still other matter, as follows: 

Appendix V contains simple directions for constructing the 
diagram which is used for a graphical solution of the formula. 

Appendix VI contains Kutter's modification of Bazin's 
general formula, which may prove useful for some special pur- 
poses on account of its comparative simplicity. 

In Appendix VII will be found a number of formulae and 
data concerning the relation between the mean and surface 
velocities in streams. 
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Appendix VIII gives the views of a number of investiga- 
tors in regard to the velocities beyond which a scouring of the 
bed takes place in channels formed of different materials. 

Appendix IX gives an account of Harlacher's method of 
ascertaining the discharge of rivers. 

In Table I, designed to facilitate the selection of the coeffi- 
cient of roughness w, we have collected the hydraulic elements 
of over I200 gaugings, made in some 300 different channels and 
pipes under varying conditions of mean hydraulic depth and of 
slope. In the original work the corresponding table is confined 
to 81 gaugings, being average values for 81 different channels, 
to fewer elements, and to a scanty description, if any, of the 
character of the channels. The data have been collected from 
the original publications where practicable. The Irawadi 
gaugings not being published in the shape required for our 
table, Mr. Robert Gordon, their author, has very kindly recom- 
piled them for us. We have endeavored to present a com- 
plete description, wherever available, of the physical char- 
acteristics of the pipes and watercourses, in order to assist 
judgment as much as possible in the selection of the coefficients 
of resistance- We believe that this collection is the most com- 
plete and comprehensive one published at the present time. 

The following is a list of the authorities referred to in 
this Table : 

Cow/W.—M 6 moires de TAcadSmie des Sciences. Paris, 1732. 

Bossut. — Trails th^orique ei Experimental d'Hydrodynamique. Paris, 

1786. 
Dubuat. — Principes d'Hydraulique. Paris, 1786. 
/■r^jT/rlt.— Proc. Inst. C. E. London, 1838. 
La Nicca.—\i\^ Rheinkorrection ira Domleschgerthal. 1839. 
5/rfafer.— Proc. Inst. C. E. London, 1853. 
LtsiU.—Proc. Inst. C. E. London, 1S55. 

j?i«i«g-«r.— Zeitachriftdes log. u. Arch. Vereins. Vienna, 1S55. 
Darcy. — Recherches experimentales relatives au mouvement de I'eau 

dans les tuyaus. Paris, 1857. 
Humphreys &• Abbot. — Report upon the Physics and Hydraulics of the 

Mississippi River. Philadelphia, 1861. 
Darcy iS- .5c=/«.— Recherches Hydrauliques. Paris, 1865. 
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CauckUr. — Etudes th6oriques et pratiques sur I'fcouienicnt et le raouve- 

mentdeseaujt. Paris, 1S67. 
GritiifMiiu.— Zusaizc zur Ueberseizung des Werkes von Humphreys & 

Abbot. MUnchen. 1867. 
Kuller.—iy'it Neue Theorie, etc. FOrster's Allgemeiiie Bauzeitung. 

Vienna, 1868. 
Bornfmaiui.—C\\\\ Ingenieur, Vol. XV, Leipzig, 1869. 
Caie.—Proc. Inst. C. E. in Scotland. 1869. 
Lampe.^-CivW Ingenieur. Vol. XIX. Leipzig, 1S73, 
Kutter.^-Xiic Neuen Formelii. etc. Vienna, 1877. 
^«//^r.— Versucli zur Aufslellung, etc. Berne, 2d ed., 1877. 
i^a««//i^.— Treatise on Hydraulic and Water Supply Engineering. New 

York, 1877. 
Darrach. — Trans. Am. Soc. C. E. New York, 1878, 
lien. — DruckhOlien Verlust. Hamburg, iSSo. 

Cunningham. — Roorkee Hydraulic Experiments. Roorkee, l83l. 
Mississippi River Commission. — ^Reports for 18S1 and 1S82. 
Harlacher. — Hydrometrische Arbeiten bei Tetsciien. Prag, 1S83, 
A"!*//**-,— BewegungdesVVassers. etc, Berlin, 18S5. 
Stenrns.—lTTins. Araer. Soc. C. E. New York, 1885. 
Seddon. — Journal Ass'n of Engineering Societies, New York, 1886. 
ti. Smith, yr.— Hydraulics. New York, 1886. 
Missouri River Commission. — Unpublistied data, through kindness of the 

President of Com. 1S87. 
Herschd.—1xa.n%. Am. Soc. C. E. New York. 1S87. 
Brush.— ^TS-Ti^. Am. Soc, C. E. New York, 1888. 
Gordon. — trawadi Gaugings: Private Communication. 1888. 
Epper. — Swiss Gaugings : Private Comi 
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Tables II, III, and IV contain the computed values of 
different elements of the formula by means of which its nu- 
merical solution, otherwise quite laborious, is rendered very 
simple for ail conditions occurring in practice. And Table V 
gives the conversion of such units of measure as are likely to 
occur in hydraulic problems. 

Although we have preserved the original metric measures 
throughout the text, we thought it well to add English measures 
at a number of places. The tables, however, arc conlined to 
English measure. To have undertaken to add metric equiva- 
lents would have rendered them cumbersome, and perhaps some- 
what confusing. The diagram, by which the use of the formula 
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IS SO greatly simplified, we have given both in metric and Eng- 
lish measure, the latter being drawn to a larger scale. It should 
be mounted on card-board, and care taken to avoid distortion. 

We have appended no tables of velocities given by the 
formula. Such tables, to be of any value, would fill a large and 
expensive volume, and, as the authors say, are rendered un- 
necessary by the use of the diagram, from which all of the ele- 
ments, including the velocity, can be easily found. 

While engaged upon this work we were much grieved to 
learn of the sudden death of Mr. Kutter, who had shown great 
interest in the forthcoming translation. Through the kindness 
of Mrs. Kutter we have received some notes from which our 
short biographical sketch is compiled. 

In presenting this translation to English and American en- 
gineers we trust that it will serve not only as a faithful record 
in our own language of these valuable researches in hydraulics, 
but also as a useful guide and hand-book to the practical engi- 
neer in determining the hydraulic elements of flowing water. 

We also trust that it may be useful to students, in giving a 
concise historical account of the progress made in ascertaining 
the laws of flow in streams, and particularly because it presents 
an instructive analysis of a method of deducing an empirical 
formula from observed facts, an operation which will be more 
frequently required and performed in the future, as we add to 
the store of scientific data in the various branches of experi- 
mental knowledge. 

Rudolph Hering, 
John C. Trautwine, Jr. 

December, iS88. 




WiLHELM R. KUTTER was bom August 23, 1818, in Ra- 
vensburg, near Lake Constance, in the kingdom of Wurtem- 

berg. His ancestors belonged to one of the most distinguished 
famihes of the country. They had acquired much wealth by 
the manufacture of paper, but lost it all during the Napo- 
leonic wars. 

As a boy he manifested a strong love of nature and great 
clearness of understanding. He was industrious and acquired 
orderly habits. His collections of minerals and other natural 
objects were arranged with scrupulous care; and in later h'fe 
the neatness and beauty of his many plans, topographical maps, 
and landscape sketches bore witness also to some artistic talent. 

At the age of 13 he left his father's home to enter the ser- 
vice of an uncie in Switzerland for the purpose of learning 
surveying, and made rapid progress. Toward the close of this 
apprenticeship, his uncle proposed to instruct him in the con- 
version of irregular figures into triangles of equal area, and was 
surprised to find that his pupil had already discovered the 
method for himself. At 17, Kutter had taken pupils in survey- 
ing and mathematics, and from this time forward earned his 
own living. 

He soon after entered the Technical Bureau of Berne, and 
studied the designing of highways, under the direction of 
banished Polish officers, whose society was of great value to 
him, especially as he acquired from them his thorough knowl- 
edge of the French language. 

Upon the dissolution of the Bureau, in 1839, Kutter con- 
tinued his studies and was employed mainly on a number of 
extensive and difficult projects for Alpine roads, all of which 
he successfully executed. He made, in all, 120 designs of this 
kind, most of which were carried out. 



Xvtii MEMOIR OF IV. X. KUTThk'. 

H» knowledge of forestry caused him to be frequently 
employed as arbitrator in cases of dispute on matters of valua- 
lM>n or partition, etc.; an office which his integrity, and fidelity 
it> his convictions, his mild and courteous demeanor, enabled 
him to discharge to the satisfaction of all concerned. He was 
reKPirded as an authority in matters of forestry, and published 
«/rtne works upon the subject. 

The correction of the streams of the Jura, in which he was 
<ubwqucntly engaged, naturally led him to the study of hy- 
draulici, and finally, with the valued co-operation of his warm 
friend Chief Engineer Ganguillet, to the elaboration of the 
now well-known " Formula of Ganguillet and Kutter," of which 
the present work Is an exposition. 

His knowledge of the several branches of learning referred 
to was gained through his own persistent study and observa- 
tion, without the advantages of attendance at technical schools. 

In iRjt Kutter was appointed Secretary of the Department 
of I'ublic Works of the Canton of Berne, and in this capacity, 
up to the time of his death, faithfully served the country of his 
adoption. 

He was twice married, and was the father of 18 children, 
ro of whom survive him. He thus had upon his shoulders not 
only the heavy burden of his professional work, but also the 
care of a very large family, a responsibility which he bore 
most creditably, leaving his survivors, though without means, 
yet also without debt. 

He died on Sunday, May 6, 1888, mourned not only by 
his family, but by many personal friends, to whom his modesty, 
his quiet manner, and his amiability had warmly endeared him, 

The following is a list of his writings, so far as known to us; 

SCIENTIFIC WORKS OF W. R. KUTTER. 

Die yuragewdsser-Correklion im Jakr 1S53. Mit Zeichnungen. Von 
W. R. Kutter. 

Sludien aber die TieferUgun^ des Biehrsees. mIt Beniitzung desselben 
ala Reservoir fUr die Hochwasser der Aare. Mit Zeichnungen. Von W. 
R. Kutter. 1865. Manuscript. 

Kurxir Btricht aber die neuen Theorien der Bemsgungen des IVaiiers 
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in FlUssen und Canalen von Darcy und Bazin und von Humphreys und 
Abbot, nebst einer Coefficienten-Scala zum Gebrauche flir den schweizer- 
ischen Ingenieur. Bearbeitet von W. R. Kutter, Ingenieur und Secretar 
der Direktion. Bern, 1868. 

Die neue Theorie der Bewegung des Wassers in FlUssen und Canalen 
von Humphreys und Abbot, in Beziehung auf die schweizei ischen und 
andere Gewasser mit starkeren Gefallen. Mit Zeichnungen. Von W. 
R. Kutter. 1868. 

Abhandlungen aus der Zeitschrift : Der Cult ur ingenieur. Braun- 
schweig, 1868 bis 1 87 1. 

1. Die neue amerikanische Theorie der Bewegung des Wassers in 

Fliissen und Canalen. 

2. Die neuen Formeln fur die Bestimmung der mittleren Geschwin- 

digkeit des Wassers in Canalen und FlUssen, nebst mehreren 
Coefficienten-Scalen zum praktischen Gebrauche. 

3. Mittlere Geschwindigkeiten und Wassermengen per Secunde in 

Graben und^ FlUssen mit verschiedener Rauheit des benetzten 
Umfanges und mit verschiedenen Gefallen und Querschnitts- 
formen. FUr den praktischen Gebrauch bearbeitet. 

4. Neue Formeln fUr die Bewegung des Wassers in Canalen und 

FlUssen. 

5. Das Verhaliniss zwischen Sohlenbreite und Gefalle geschiebe- 

fUhrender Canale und FlUsse. 

Versuch zur Aufstellung einer neuen allgemeinen Formelfilr die gleich^ 
formige Bewegung des Wassers in Canalen und Fliissen, gestUtzt auf die 
Resultate der in Frankreich vorgenommenen umfangreichen und sorg- 
faltigen Untersuchungen und der in Nord Amerika ausgefUhrten gross- 
art igen Strom messungen. Mit graphischen Darstellungen. Von E. 
Ganguillet und W. R. Kutter. (Zeitschrift des Ssterreichischen Ingenieur- 
und Architecten Vereins. Wien, 1869.) Separat Abdruck. Bern, 1877. 

Von den mathematischen Gesetzen welche sick beim Wachsthuin des 
Bauholzes finden lassen, Vortrag von W. R. Kutter. Bern, 1870. 

Die neuen Formeln fUr die Bewegung des Wassers in Candlen und 
regelmdssigen Fluss-strecken, Von Humphreys und Abbot; von H. 
Bazin ; von Ph. Gauckler ; und von E. Ganguillet und W. R. Kutter. 
Mit Zeichnungen und graphischen Darstellungen. Von W. R. Kutter. 
(Allgemeine Bauzeitung. Wien, 1871.) Zweite Auflage, 1877. 

Einfluss der Storungen der gleichformigen Bewegung des Wassers auf 
die Geschwindigkeit desselben, und etwas Uber die Geschiebefiihrung in 
Candlen und FlUssen, Mit Zeichnungen. Von W. R. Kutter. (All- 
gemeine Bauzeitung. Wien, 1873.) 

Bewegung des Wassers in Candlen und FlUssen, Tabellen und 
Beitrage. Von W. R. Kutter. Berlin, 1885. 
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NOTATION. ^^H 

= the mean velocity, in feet per second or in meters per 
second, 
discharge; per second 
" arcii of cross-section 

= the mean hydraulic radius or depth, in feet or in meters. 
area of cross-section 


wet perimeter of cross-section 
= the slope of tlie water surface, being the same for all 

measures, 
= tlie sine of the angle of slope, 

fall of the surface in a given length 
~ given length 
= the variable coefficient in the formula v = c 4^^,differ- 

ing for different measures. 
= the coefficient of roughness of the wet perimeter, varying 
generally between .ocu) and .040, and being the same 
for all measures. 
= aconstant — 41.66 for English measure, 
= 23.0 for metric measure. 


= a constant = t'j.zSogfect = 1.81 132 for English measure, 

«= ♦' 1 meter = i .0 for metric measure. 
= the " comit.int " of a certain hyperbola used in construct- 
ing the formulas = .0028075 for English measure, 
= .00155 for metric measure. 
= the variable abscissa 1 of the slope curves, located by the 
I intersections of the asymptotes 
fof the hyperbolBe whose abscissa3 
= the vtiriable ordinate J are VR and whose ordinates are c. 

OTB.— Tho v»luc» a, 1. jw, jtand ^are established by the auihors in con- 
ing the rarmiiln. Their slgnlficiition is fully explained in Ihe text. 

L 
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A GENERAL FORMULA FOR THE 
UNIFORM FLOW OF WATER. 



PART I. 

General Remarks — Historical Matter— Latest 
Researches and their Results. 

1. Principles hitherto assumed. 

The movement of water in canals and rivers has for a long 
time been the subject of scientific investigation and research, 
engaging the attention of the most noted hydraulicians. Italy 
is the cradle of hydraulics, and the Po is presumably the stream 
which gave the first impulse to its study. Investigators at first 
sought to express the laws of the flow of water by means of 
mathem'atical principles, and busied themselves with hypotheses 
more or less entitled to claim agreement with the actual phe- 
nomena. 

Galileo, who, at about the beginning of the seventeenth cen- 
tury, discovered the laws of falling bodies, is said to have been 
the first investigator who turned his attention to those of the 
flow of water in rivers. How far he remained from arriving 
at the truth, however, is evidenced by the following circum- 
stance, related by M. Bernard : * It was proposed to straighten 

♦ ** Nouveaux principcs d'hydraulique." Paris, 1787. t 
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the course of the tortuous river Vicentio, whose floods were 
causing damage. Galileo opposed this project and main- 
tained that in two channels having the same total fall, the 
r velocity of the water would be the same, whatever might be 
1 the respective lengths of the channels; also, that the windings 
of a river, unless they formed veiy sharp angles, caused very 
little or no retardation of its flow. An engineer, Bartolotti, 
who had written upon the necessity for the rectification of the 
river Vicentio, was unable to refute Galileo, because he could 
not actually demonstrate the incorrectness of his views. The 
rectification was not undertaken, and, says Bernard, " Galileo 
had the misfortune to accomplish the triumph of his opinion 
to the prejudice of truth." 

Brunings* tells us that Galileo declared he had " found less 
difficulty in the discovery of the motions of the planets, in 
spite of their amazing distances, than in his investigations of 
the flow of water in rivers, which took place before his very 
eyes." 

Castelli, a student of Galileo, in his work which appeared 
in 1628, under the auspices of Pope Urban VIII., for the first 
time introduced the velocity as an element in the movement of 
the flowing water. Another of Galileo's students, the renowned 
Torricelli, then discovered that, except for the resistance, the 
velocity of jets of water flowing from small openings was equal 
to that of bodies falling in space, from the same height as that 
causing the flow; in other words, the velocities are propor- 
tional to the square roots of the heights. From this fact he 
deduced the fundamental theory of hydraulics : " that, neglect- 
ing the resistances, the square of the velocity of water is pro- 
portional to the head of pressure." He concluded also that the 
acceleration of the velocity of water on inclines is dependent 
upon the rate of slope, i.e. the hydraulic gradient. 

The work of Guglielmini, the greatest master of the Italian 
school, appeared at the close of the seventeenth century. This 
philosopher accepted Torricelli's theorem and developed the 
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so-called parabolic theory of flow in rivers, which in brief is as 
follows: "A particle of water x feet below the surface tends 
to move with the same velocity which it would have when 
flowing from an opening in the side of the reservoir at x feet 
below the surface, namely, with the velocity acquired when 
falling X feet in space, and expressed by the formula v = \^2gx. 
Draw through the given point a vertical line and regard it as 
the axis of a parabola, whose apex is at the surface and whoSe 
parameter is equal to four times the distance through which 
a falling body passes in the first second. Then, the correspond- 
ing ordinate of the parabola represents the velocity of the 
particle." 

According to this theory the velocity of the water in a 
river must be greatest at the bottom and zero at the surface, 
whereas the contrary is generally the case. We thus see to 
what conclusions abstract theorizing in hydrauhcs led even the 
greatest philosophers in those days. 

In a treatise laid before the Paris Academy of Sciences by 
Pitot in 1733, the error of the above theory is demonstrated 
by means of a series of measurements, which this savant had 
carried out with the so-called " Pilot's tube" invented by him. 
At about the same time Daniel Bernouilli first applied the 
principle of vis viva to the theory of the motion of water. 
This marked the beginning of a new epoch in the history of 
hydraulics. 

The first attempt to discover the law by which the velocity of 
water depends upon the fall and the cross-section of the chan- 
nel was, according to Hagen, made by Brahms,* who observed 
that the acceleration which we should expect in accordance 
with the law of gravity does not take place in streams, but that 
the water in them acquires a constant velocity. He points to 
the friction of the water against the wet perimeter as the force 
which opposes the acceleration, and assumes that its resistance 
is proportional to the mean radius R, i.e., to the area of cross- 
section divided by the wet perimeter. 



* " Anfangsgrnnde der Deich- und Waaserbaukunsl," Aurich, about i' 
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Brahms and Chezy* arc to be regarded as the authors of 
e well-known formula 



'^'s/fxi^'s/"^- 



velocity = a coefficient f X */ '^-^ ^v- 

' wet perin 



= icoctBcicni c X ♦'hydraulic radius X slope. 

More than a century ago, Michelotti and Bossut established 
the true principle that the formulae for the movement of water 
must be ascertained from the results of observation, and not 
by abstract reasoning. Dubuat {1779), who recognized the 
truth of thi.1 proposition, undertook to investigate the laws of 
flowing water by means of thorough experiments, for which 
purpose he carried out very careful measurements, not only on 
the Canal du Jard and the River Haine in France, but also in 
specially constructed wooden channels of small dimensions. 
The results thus obtained he summed up in these two laws: 

1. The force which sets the water in motion Is derived solely 
from the inclination of the water surface. 

2. When the motion is uniform the resistance which the 
water meets, or the retarding force, is equal to the accelerating 
force. 

Dubuat also ascertained that the resistance is independent 
of the weight or pressure of the water, so that its friction upon 
the walls of pipes and channels is entirely different in its nature 
r from that existing between solid bodies. 

I De Prony f arrives at the following conclusions, among 
others : 

" The particles of water in a vertical line in the cross-section 
of a stream move with difTerent velocities, which diminish from 
the surface to the bottom." 



*A celebrated French enRineer. 1775. 
\Rtchirchis fkysiro-malhemaliijUts, 1791 
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" The surface, bottom, and mean velocities stand in a certain 
relation to each other, which Dubuat, strange to say, finds to 
be independent of the size and form of the cross-section." 

" A layer of water adheres to the walls of the pipe or chan- 
nel, and is therefore to be regarded as the wall proper which 
surrounds the flowing mass. According to Dubuat *s experi- 
ments the adhesive attraction of the walls seems to cease at 
this layer, so that differences in the material of the walls pro- 
duce no perceptible change in the resistance." 

" The particles of water attract each other mutually, and 
are themselves attracted by the walls of the channel. These 
attractions (resistances) may, in general, be expressed by means 
of two different values, which, however, are supposed to be of 
the same nature and comparable with each other.'* 

2. The earlier formulae. 

Coulomb's investigations indicated that the resistance 
offered by the perimeter of a channel is represented by two 
values, the first of which is proportional to the velocity and 
the second to the square of the same. Upon this principle de 
Prony based his celebrated formula, 

RS •=. av '\- bv^y 

in which a and b are coefficients of friction to be deduced from 
the results of experiments. 

From thirty measurements by Dubuat and one by Chezy, 
de Prony found, for metric measure, 

a = 0.000044 ; 
b = 0.C00309. 

Somewhat later, Eytelwein, after comparing the above 
thirty-one experiments with fifty-five others by German hy- 
draulicians (Brunings, Woltmann and Funk), suggested 

a = 0.000024; 
b — 0.000366. 
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Many authors held that it would be permissible to simplify 
the formula by neglecting the value av, which is very small 
•or rivers and for mean velocities over J meter per second ; 
and in 1775 Chczy. in harmony with Brahms (1753), had already 
established the following formula: 



a assumed, in meters, 



[hilst Eytelwcin eventually adopted 



The Italian hydraulicians took 




while in Germany and Switzerland Eytelwein's formula for 
velocity, in the form suggested by Brahms, has been in use 
until recently. It gives 

^v = 50.9 '^ RS for metric measure ; 
V = 93.2 VRS for English feet. 



Without stopping to discuss also the formula of Dupuit, 
St. Vcnant and others, based upon the above-mentioned 
principles, we merely remark that in all these formulae the 
coefficients are constant values. 

Riihlmann and Weisbach give, for the formula 

V = c VRS, 
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the following values of c, deduced from de Prony's formula, 
and varying with v : 



Meters per Second. 


Feet per Second. 


V 


c 


V 


c 


O.I 
0.2 

0.3 
0.4 

0.5 

0.75 
1. 00 

1.25 
1.50 
2.00 


36.4 

43.4 
46.7 

48.8 
50.1 
52.1 
53-2 
53.8 

54-3 
54.9 


.4 
.6 

.8 

1.0 

1.2 

1.5 
2.0 

2.5 
3.0 

3.5 
4.0 

4.5 
5.0 

5.5 
6.0 

7.0 


68.6 
76.4 
81. 1 

84.7 

87.1 

89.6 

92.3 
94.4 

95-6 

96.5 
97.2 

97.8 
98.5 
98.8 
99.1 
99-5 



3. The foregroing formulae recogrnize no influence of the 
roughness of the wet perimeter, or of the degree of 
slope, upon their coefficients. 

According to Dubuat and de Prony, and all of the ancient 
and modern hydraulicians, differences in roughness of the wet 
perimeter, or in the slope, had no effect upon the variation of the 
coefficients ; and from the beginning of the present century up 
to within recent years, but few experiments were added to 
determine these coefficients with greater exactness. Yet their 
inadequacy has steadily become more apparent ; the breaking of 
dams and levees in regulated rivers (of which we will mention 
only the case of the Rhone at Lyons) have given rise to just 
suspicions as to the reliability of the formulae upon which the 
construction of these works was founded, and engineers have 
begun to modify them somewhat in practice, yet without any 
safe guide. 
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4. IiiHuflioleney of the earlier formulae. 

The French engineer Vail^s* ascribes to the unquaUfied 
confidence in these formulx, the incorrect design of the cross- 
section of many canals in France, and the resulting calamities 
in times of freshets. Indeed, if we suppose, for instance, that 
for any mountain stream which is to be dammed up, the cross- 
section between the dams has been calculated by de Prony's 
or Eylelwcin's formutie ; then this section must be too small, 
because the coefficients of the formula are too large for such 
cases. The consequences are breaches and floods with their 
inevitable results. German hydraulicians, such as Hagen, . 
Dr. Bauernfeind and others, have also expressed doubts as 
to the reliability of the fomnulte referred to, and of their 
. coefficients. 

Attempts have been made here (Switzerland), in the case of 
streams carrying much detritus, to introduce a modification in 
the formula to the extent of taking, for the wet perimeter, 
the length of a line following the projecting portions of all the 
stones on the bottom and all irregularities of the banks. Others 
had already attempted to make a corresponding modification 
on account of aquatic plants. It was of course impossible to 
devise means for accurately determining the length of such a 
line, and it was assumed as being equal to r.4 to 1,8 times the 
nominal perimeter, according to the dimensions of the stones, 
etc. Such increase in the length assumed for the wet perim- 
eter of course reduced proportionally the value of the mean 
radius R. 

In the Rhine, Defontaine found the greatest velocity at the 
surface, and a great decrease as the bottom was approached, 
a circumstance which he ascribes to the rocky nature of the 
bed of the stream.f 

The cast-iron pipes used for the water-supply of the town 
of Grenoble gave, after only six years' use, less than half their 
original discharge, and it was found upon investigation that 



* " Etudes sur les inondations." 

\ See Annalcs des Ponta et Chaussfics, 



1333. 
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the diminution was caused by tubercular incrustations which 
had formed upon the inner surfaces of the pipes.* Similar ex- 
periences were met with in supplying water to Toulouse, It 
may have been this consideration which led the Romans to 
give the preference to stone in constructing their aqueducts. 

All this points to the conclusion that hydraulic formula; 
must contain variable and not fixed coefficients of velocity. 

&. Daroy and Bazin's i 

In the midst of the prevailing uncertainty, it was reserved 
for a man whose great learning, power of penetration and 
talent for research specially fitted him for the task, to open the 
way to a wholly new understanding of the subject. In using 
water-pipes at Dijon, the renowned H. Darcy, Inspecteur g^n6- 
ral dcs ponts et chauss^es, to whom that city is indebted for her 
excellent water-supply, had noticed, as already observed by oth- 
ers, that those pipes which presented the smoothest inner surface 
furnished the greatest quantity of water in a given time ; or in 
other words, that the greatest velocity was found in the smooth- 
est pipes. He argued rightly that a similar phenomenon must 
occur in open channels, and undertook to make a series of ex- 
tended and thorough experiments upon this point, Through 
the results of a number of measurements made by his colleague 
, Baumgarten upon canals near Marseilles, he thoroughly satis- 
fied himself of the correctness of his proposition, and then, 
by the authority of the government, constructed on the Canal 
de Bourgogne, near Dijon, a special canal for experimental 
purposes, 596.5 meters long, 2 meters wide, and i meter deep. 
It received its water from the Canal de Bourgogne, level No, 
57, and discharged it into the river I'Ouche. A double reser- 
voir was placed at the entrance to this canal, and the wall of 
the lower reservoir was provided with twelve square openings 
of precisely equal size, edged with copper. Their discharge, 
for each level of the water in the reservoir, had previously been 



• See remarks upon this subject 
Tournel {1834), Gras (1835), 
Brooklyn. 1B65.— 7>o«j. 
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wbtaincd by a large number of careful observations. The special 
Httnal ilftclf WHS furnished successively with very different lin- 
bkg.*; namely, neat cement, cement with one third sand, boards. 
Ib^kkiti fine and coudil- pebbles fixed in place, and laths nailed 
■gran^vcFnely to Ihc dircclion of flow o.oi and 0.05 meter apart. 
Dtn form, dlincnsinns and grade were also varied in the different 
BRperimenia, the ([■'•^^'^s between 0.001 and 0.009 P*^'' ""■'^ °^ 
Btn^fh. Kor all thcue manifold degrees of roughness, and of 
BDrm* and slopcn, careful measurements of the flow were made 
HV mrans of I'ltot'ji tube, which had been materially improved 
hy Oiircy (tube jaujjeur de Darcy), but chiefly by dividing the 
Bvoi of the wet cross-NCCtions into the volume discharged by 
nd)e cun«l in » n'ven time, which volume had been previously 
niGii'iurcd, (19 noted above. The results were grouped in series 
MfOJiliihilnn (jcnerally twelve experiments each. In addition to 
■Mlln. the rcmill" of river mcasuremerkts by Dubuat, Brunings, 
DVolliniinn, KunW, I'oir<5c, Emmery, Leveill^ and others were 
BtolIcclGd for compariHon, The Mississippi and other recent 
■ArnrrrJcan meiwurements were not yet known in Europe. 
P,' The preliminary arrantjements had Just been made by 
' Diircy, wlicn death called him from the midst of his fruitful 
and beneficent labors. The execution of these comprehensive 
expcrimontH now fell upon his assistant, H. Bazin, Ing^nieur 
cjc<i pontM et cliauMHdes. 

It was he who arranged and conducted the gaugings and 
extended them to several branches of the Canal de Bourgogne, 
who collected and digested the numerous results, and who 
wrote that most remarkable work," Recherches hydrauliques," 
the fruit of years of investigation and study; a work which 
the Academy of Sciences in Paris received with the most un- 
qualified approval, and for which they have since awarded a 
valuable prize. 

6. Bazln's results. 

The principal facts developed by the researches of Bazin 
with reference to the uniform flow of water are the following: 

I. The coefficients {c\ of the formulae for the determination 
of the mean velocity of water in canals and rivers of uniform 
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flow, vary with the degree of roughness of the wetted surface. 
This opposes the assumption of de Prony that the perimeter 
of the flowing mass is formed by a film of water adjoining the 
walls and bottom of the channel, and that hence the nature of 
the walls and bottom has no effect upon the friction. 

3. These coefficients i^c) vary much more nearly with the 
hydrauHc mean depth {E) than with the mean velocity (ii). 

Bazin, it is true, observed that in the main the coefficient c 
(in the expression v =■ c s' RS') increased with an increase of 
slope, the coefficients a and fi of his formula* decreasing with 
such increase, but did not find this variation of sufficient im- 
portance to be specially taken into account. He also observed 
that a semicircular form of cross-section gives a greater value of 
c than a ructangular form. 

7. A new formula. 

The knowledge thus gained was of the greatest importance, 
and led naturally to the introduction of a new formula. M. 
Bazin established four categories, corresponding to diiferent 
observed degrees of roughness of wetted perimeter, and for 
each of these suggested two " interpolated" coefficients, which 
vary with the four degrees of roughness. Thus, in the abbre- 
viated formula of de Prony, RS ^ H^, he put 



in which a and yS are constant for any one category. Hence 
the general formula of M. Bazin is 
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p The coefficients a and ^ were deduced, largely by graphic 


1 processes, from the results of the measurements of flow. The 


^^^ expression RS = \a-\- -Ji/', or -^ = a + -^, is the equation of 


^^Ha straight line eq. Fig. i, whose abscissze are the values of -^ 


^^B-and whose ordinatcs are those of -^^ or ^, which M. Bazin des- 


^^" ignated as A. 
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Plotting each series in this way, and drawing through its 
points a Hne eq averaging them as nearly as possible, the value 
of a is given by the distance oe from the axis of abscissae to 
the point e where eq meets the axis of ordinates, while ft is the 

tangent — of the angle qeu* equal to that between the 

R 
averaging line eq and the axis of abscissae. 

The experimental or " interpolated *' coefficients thus ob- 
tained for the four categories are as follows : 

a a fi 

Category. Channels. for English for Metric 

Measure. Measure. 

I- {ca"funypi;nedwo.;d:} "'^^e 00015 .000004S 

( Smooth ashlar ) 

II. •< Brick > .000058 .00019 .0000133 

( Unplaned wood ) 

III. Rubble masonry .000073 .00024 .000060a 

IV. Earth .000085 .00028 .0003500 

With regard to the establishment of four categories, we may 
observe that still others might have been assumed if it had 
been considered necessary. For streams carrying detritus and 
boulders we have thought it well to add a fifth category, based 
upon a number of gaugings of such streams, viz.: 

a a p 

Category. Channels. for English for Metric 

Measure. Measure. 
V. Carrying detritus and 

coarse gravel . 0001 22 . 00040 . 00070001 

8. Humphreys and Abbot's Mississippi gaugings. 

A few years before M. Bazin made his valuable researches, 
expert engineers in North America (chief among whom were 
Captain A. A. Humphreys and Lieut. L. H. Abbot) were 
engaged, by direction of their government, in ascertaining the 
extent and the physical characteristics of the region inundated 



* Since the ordinates are plotted to a much larger scale than are the abscissae^ 
the angle is of course greatly exaggerated in the diagram. — Trans, 
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rMwihwinii.faowahe4 
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10 tJbcbrsat atiBBSi in llic -«nBlld,haK mt jvbk a^pnodmaldy 
equal to tkJtt «f Gensaajr CB- Fsnrac lb hod fcas Ikcrc a mean 
bnadtii of ba« looo lo IJOD ne9t» ^3000 «■ 5000 feet 1. and 
aouidfimn depdl of 4>«K»(9»<li3aiea!k Bekwr tbe month 
of the OUo the dtflcfCMic' -i lend fctie t M i dn extremes of 
li^ and knr valcr tQ»dKS ■$ HKttas l^iAaK 50 feet), and 
t3ic maxuDBiB dackaiiEe is Cna as akvoit SJAtn oAic mcteis 
{xa^aofXO cobic f«e9) per aeooni. 

Tliii " riwimiiwrw " ^H— d tn AitaBtf Ac ^-gy^inE for- 
mala;; and n^USf c o M w fcro d il ■ *««*« ;' a» Je teT i M M . I7 di- 
rect obKrvabea tbe lam of Sov n tin ikve. For aAxM± ten 
yean. i8$o-ia6c^ tt VK a ooffa d ia csBntHC hfAuaaLUk, 
gecitogkal and plijscal dabu *s «di as ia imiijw^ tke ter- 
ritotr. Tbe oompaiatni^ hi|^ HeaEH vdoci^ ^boMt 
ters. equal 6j6 feet, per s ec n »d ) <rf the cwinwal 1 
and the extraoidiBaiily peat depA^ tcartr.ird 
tioiK exccpdonalljr difficult, bat tbe A^Kfkaa 
complisbed diem with tbe best icsahs. Fortke : 
of tbe vdodties ^ a ghm point, at sogieatad^tk 
surface as here occurred. Wahmasn's tacho^lCT-(i 
would have been of as little sernce as KtoC s tnbe^ Double 
fii^a were tboefore nsed, cca ai st t ae of a Kght body floating 
upon the smtace. and a heavier one svspended from it by a 
deoder hempen cord and tentainii^at a fixed depdu 

Tbe line Jndkatine tbe path of the float was detcnnined b)r 
mcMH of two theodolites, set up at the ends tA a base line on 
dure, and the time in which tbe float passed over the giren 
dii t ao cr was accurately observed. Lhies (or cras»«ect«His 
were ttalccd off in selected reaches wfaerc the flo>w was reg- 
oW. Each croH-sectioQ was divided by a number frf vertical 
planes reaching from the surface to the botttnn, and in cadi of 
tbeie planes the velocity was repeatedly measured at varioos 
depths, until not the detest doubt remained as to tbe accu- 
racy of the rcMilts. Prom the resultii^ mass of evidence the 




VELOCITIES VARY AS THE ABSCISSM OF A PARABOLA. 1 5 

elements were obtained from which Humphreys and Abbot de- 
rived their new formula. 



9. The velocities found to vary as the abscissae of a 

parabola. 

The results of these measurements were contrary to Gugli- 
elipi's theory. It appeared that the velocities in a longitudi- 
nal vertical plane, when represented as in Fig. 2 by horizon 

Velocities in feel per second. 

t f , t t t r ' 

7.4 7.5 7.6 7J 7.8 7J) 8.0 




T\2>2,.Miis8isidppi Velodties<d different depths. 
*The scale ofmnd -forces ranges from O ( caini ) 
tolOQiurricatie). 

tal lines drawn at their respective depths, form the abscissae 
of a parabolic curve, with its axis parallel to the surface and 
situated at the depth of the maximum velocity. This depth, 
when the air is still, is about 0.3 of the entire depth below the 
surface. A down-stream wind brings the axis (or point of 
greatest velocity) nearly to the surface, while with an up-stream 
wind it is found below the mean depth. The velocities in hori- 
zontal planes also were founji to give parabolic curves with 
their vertices at the point of greatest velocity. 

M. Bazin, and, still earlier, Boileau, Hennoque, Defontaine 
and others, had already discovered that the velocities in a ver- 
tical plane decrease approximately in accordance with the law 
of the parabola, and that the greatest velocity is feund, as a 
rule, somewhat below the surface. 



Cej^BXAL FORMULA FOR UXIFOKM FLOW OF WATER. 



lO. TIm fM«tlon at the »urfoce. 
Hiimphreyit and Abbot believed further that they had 
ained and could demonstrate, from the observed phenom- 
t the water was exposed to as great a friction at the 
IB at the wet perimeter of the cross-section. In their 
mula, therefore, instead of the value 



..^ 



f placed the value 



*,= -^ 



T^W 



I 



pin whkh Wis the breadth of the water surface. 

Thi< awumption would be correct if it were found by care- 
fol f/h^ervatifinn, a* for instance upon rectangular channels of 
tj^MA l>rea/lth and depth, that the velocities at the bottom and 
at the ^urf^ce were a(.proximatcly equal. But the degree of 
rrm0ifle!M <>{ (he bfittom mu-it also be taken into account, be- 
Caiiiw difference* in this respect, as we have seen, exert a great 
influence upon the friction: an influence which cannot, in all 
cane*, \x ju»t t([ual to that of the friction at the surface. But 
Humphfcyi and Abbot found the velocities greater at the sur- 
face th;<in M. the liottom ; hence their assumption appears un- 
tenable. In rcK'ird to this matter M. Bazin also made very 
careful and thorough experiments, but without recognizing 
any influence of the air upon the flow of the water, i.e., he 
observed no retarding; friction at the surface, although he 
Btatcii* that when the brfcadth and depth of the channel are 
equal, the greatest velocity in found at about mid-depth : from 
which we might conclude that in this case the equality of the 
surface and bottom velocities was due to the effect of the sides, 
and not to a nurface friction equal to that at the bottom. 
However, such an influence of the air, if it exists, would not be 
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SO readily observed in small channels as in a stream like the 
Mississippi. M. Bazin nevertheless assumes, with Humphreys 
and Abbot, that the reduction of velocity at the surface may be 
due to effects caused by irregularities of the bottom and trans- 
mitted to the surface, where they appear as disturbing move- 
ments. But whether or not so marked an influence of this 
kind exists in the Mississippi we must leave in abeyance. It 
certainly is not impossible. The only effect of such an influ- 
ence upon the formulae is that the experimental coefficients 
must be arranged in accordance with it, and this has been done 
in the new formula of Humphreys and Abbot. For the 
method by which it was deduced, and for its mathematical 
development, we refer the reader to the original work of Hum- 
phreys and Abbot * to the German translation by Grebenau, 
entitled " Theorie der Bewegung des Wassers in Canalen und 
Fliissen, etc.,'* Munich, 1867, and to a French r^sum^hy Four- 
nie, Paris, 1867. 

11. The new American formula* 

The American formula of Humphreys and Abbot is as fol- 
lows :* 

For English measures, 

V = [yo.ooSim + /22s/?, i^S — 0.09 Vmj ; 
For metric measures, 

V = [yo.oo2Sm + /68.727?, VS -. 0.05 Vm) ; 
in which 



fn = y', -, for English measure, 

0-933 
= -7==^, for metnc measure, 

VR + 0.457 



in small streams ; 



* " Report upon the Physics and Hydraulics of the Mississippi River/* p. 
312. 
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m = 0.1856 for English measure, 1 for rivers* whose meai 
> radius exceeds 12 o 
s 0.102$ for metric measure, ) IJ feet; 



U wc omit from this complicated formula the two very 
•mail valuiw at the beginnin^r and at the end of the second 
member of the equation, and in the remaining middle term 
flubitllutc 0.$fi for A',, which in most cases may be done with- 
out detriment, W being generally nearly = P, we obtain the 
much limpler formula for metric measure : 



miuimuik W.J. I . 

out detriment, V 

hmuch limpler foi 
or. Htill HJmplcr, 



v = p v'68.;2 X o-sR X WS. 



-. fisMVR X V5: 



v = kVR ys. 

In the l.xst expression, * is = 5.86/9, ^ being the coefficient 
of correction which takes the place of the two terms omitted 
from the second member of the equation, and varying, accord- 
InK to the value of A', only between 0.85 and 0.97 in metric 
measure, and between 1.54 and 1.76 in English measure. 

This new American formula, adapted to the measurement 
of the Mississippi and its tributaries, agrees also with the re- 
sults of careful gaugings by Grebenau of streams in Rhenish 
Bavaria, and in general with those obtained in cases where the 
llope is .imall. But Humphreys and Abbot, and their transla- 

• Humphreys and Abbot, in their Rrpori. say: This makes the numerical 
value o( the terra involving * so small ihat, (or any but ibeorelically small 
velocltieB, U may be neglected, thus reducing the equation to 



= ('*^ 



- "ss")'. 



n 
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tor Grebenau, desire that it should be tested also upon streams 
with steep slopes. For this purpose we selected the " Wild- 
bachschalen" near Lake Thun and the " Alpbachschale" at 
Meiringen, and availed ourselves of occasions of considerable 
discharge. The " Wildbachschalen" are channels of semicir- 
cular cross-section, built of rubble masonry, from 4 to ro 
meters wide at the top and 150 to, 500 meters iong. They 
were constructed to safely carry off the surplus water of floods, 
together with boulders and rock fragments from the moun- 
tains. Their very steep slope justified us in expecting a re- 
sult which should be decisive as a test of the formula. Re- 
peated measurements were carefully made in the summer of 
1867 by means of floats, and the mean velocities determined in 

accordance with M. Bazin's coefficients , which vary with 

the values of R and with the degree of roughness.* 

The following table exhibits the observed mean velocities 
in comparison with those obtained by means of the American 
formula of Humphreys and Abbot. The fifth and sixth items 
are from M. Bazin's measurements in the spillway of the Gros- 
bois Reservoir, built of masonry and rectangular in form. 





Slop.. ^. 


Mean radius, 


Velocily. in n.M«a pet 


p 


Ob,tr-„.d. 


BylheAmiri- 


1. GrBimbachschalf M Merligen. 
a. GtrbrbachsehalefltMerligeo.. 
I. Gontenb»ctucfaaLeatGonlen.. 

S- M. Bailn, Series No. 35 

«. M. Buin. SerieiNo.33 


o,o4>l''o.D4« 


0,0,8 IP .....J 


a,4Wi.6 
=.8to^.6 


o.,tO..J 

0.7 "oo.* 
0.8 to ..I 



From a comprehensive investigation of the results of sev- 
eral hundred measurements, it appeared that the coefficient k 
of the abbreviated American formula, which varies only be- 
tween the extremes 5.0 and 5.7, should, in order to accord with 



* See Appendix VII.— Tram. 
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the experimental results, vary between 5.0 and 33.0. It in- 
iiicases with increase of the slope. These results show that 
the formula of Humphreys and Abbot is not applicable to 
streams with steep slopes, as indeed became very evident from 
a comparison of a great number of Swiss and other measure- 
ments, notably those of M. Bazin. 

The Amt^rican formula is specially adapted to streams with 
a gentle slope, and is not to be recommended for general ap- 
plication. Nevertheless it is the outcome of most important 
Studies, and will always retain its high value in its own field. 



I 



In order to compare the American formula with that of M, 
Bazin, let us begin with the simple form v =■ c ^RS, confining 
our attention to the velocity coefficient c. 

From M. Bazin's formula, 




while from the simplified formula of Humphreys and Abbot, 



k 



Y 



Hence, according to M. Bazin's formula, c varies with the 
degree of roughness of the wetted perimeter and with the 



w. 
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value of R. In Humplireys and Abbot's, on the contrary, c 
varies very slightly with the value of ^, as already remarked, 
also inversely with the fourth root of the slope. 



13. Remarks on the two forniulie. 



The measurements of M. Bazin were conducted with such 
care and precision that wc should not be justified in entertain- 
ing any doubt as to the general correctness of their results. 
Similarly we must accept with confidence the results of the 
American observations, for when we consider the great diffi- 
culties to be overcome, the rational methods of procedure, and 
the very numerous repetitions of the measurements, we can 
hardly expect that results of much greater exactness will ever 
be obtained in such cases. Hagen* remarks that the gaugings 
of Humphreys and Abbot are among the best hydrometric 
records known, and are of special value in view of the great size 
of the river upon which they were made. We may state, how- 
ever, that in such a stream the mean velocity cannot be obtained 
"within - J fltflj of an inch;" an exactness of about one inch is 
as much as may be expected. In view of the great reliability 
of these two series of observations we cannot but be surprised 
at the divergence between the two formula; respectively de- 
rived from them. It is, however, to be borne in mind that 
they spring, as it were, from extreme cases ; M. Bazin's investi- 
gations having been confined to small channels, where the 
effects of the different degrees of roughness of wet perimeter 
were very perceptible, while the American engineers experi- 
mented upon a great river, where these effects could not be 
observed, but .where those due to a variation, in slope were 
all the more evident. Humphreys and Abbot devote a very 
elaborate discussion to this feature of the case, and to the pre- 
cise determination of the slope. 

The two formulae are not equally entitled to general appli- 
cation. That of M. Bazin is indeed as inapplicable to the Mis- 
sissippi, as that of Humphreys and Abbot is to channels with 
steep slopes ; but it contains the basis of a formula which can 

" Erbkam's Bauzeitung. i868, voL i. p. 63. 
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be generally applied, t>imply by introfiucing the effect of the 
change of slope, while the American formula cannot be thus 
generalized. 

With regard to the coefficients a and /? of M, Bazin's for- 
mula, we observe that there could be established between them, 
in connection with R, a relation remaining constant for all 
degrees of roughness, and thus rendering it possible to replace 
them by a iingle variable coefficient. 

, 14. Sunimiu-y of results. 

The results of the latest investigations upon channels and 
itreams with uniform flow of water may therefore be summed 
up in the following statements: 

The coefficient r in the formula 

v= c V'RS 

varies: (l) with the degree of roughness of the wetted perime- 
ter, decreasing with the increase of the roughness ; (2) with the 
value of the mean radius R, increasing with its increase ; (3) 
with the slope, decreasing with its increase in large streams, 
and increasing with its increase in small channels. The latter 
feature is fully discussed farther on. 

The formula of M. Bazin contains the first and second of 
these variations, while that of Humphreys and Abbot contains 
but one of the two variations with the slope noted under (3), 
and an almost imperceptible variation with R. Thus, both 
formulae embrace but partially the variations which appear from 
the results of the investigations, and therefore neither is uni- 
versally applicable. A general formula, however, is obtainable 
by taking proper account of all the observed forces affecting 
the flow. 



Basing our argument upon the above-established facts, we 
have endeavored, first, to construct a formula which shall satisfy 
the results of the measurements of M. Bazin as well as those of 



1 



J 
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Humphreys and Abbot, and then to introduce into it a single 
variable coefficient for the expression of the degree of rough- 
ness of the wet perimeter. In other words, we have tried to 
give for* the several values of these degrees a mutual relation 
with the value of the mean radius R^ and thus to express the 
universality of the influence of roughness upon the mean ve- 
locity of water flowing in channels of nearly uniform cross- 
section. VI 

A formula in which the coefficient c is no longer constant, 
but is subject to many different variations, cannot be as simple 
as those heretofore -in use. It should, however, remain as 
simple as possible. In this connection Bernard* remarks : 

"As the physical conditions of rivers are not uniform, the 
formulae which are employed to represent their flow must nec- 
essarily, if they are to be trustworthy, include all the observed 
irregularities. One can easily judge that a theory embracing 
so many factors must be unusually complex, and that it loses 
correctness and precision in proportion as it is simplified." 



« (* 



Nouveaux principes d'hydrauliques/' p. 57. 



Establishment of a General Formula for the Uniform 
Flow of Watfr in- Rivkrs and otiikr Channels. 



16. Bnsis of the geoeral formula. 

Since the formula of M. Bazin possesses the characteristics 
of a general formula, we have made it the basis of our own, 
and have endeavored to embody in it the effects of the slope 
as well as a relation between the coefficients of roughness. 



17. EquatluiiH of three different hyperbolae for determln- 
lug the coefHeient c li» the formula v = c V'ltS. 

Beginning with the fundamental formula., v = c V~RS, and 
seeking a fitting expression which shall determine the coeffi- 
cient c* and at the same time satisfy the above-named require- 
ments, we obtain first, from the formula of M. Bazin, 



V«+l V'+i, 



tTRS, 



* Our coefficient f coincides wiih the value — 
hydrauliqucs," where —^ = A, 



4 



EQUATIONS OF THREE DIFFERENT HYPERBOLAE. 2$ 



or, if we make — = j/', and — = ;r', 



a a 



I 17 



\/^+^ 



y (I) 



R 

But we might also express the value c by means of such 
formulae as ' 



or 






- y (3) 



1 + 



R 



This modification, however, is justifiable only if we obtain 
ty means of formula (2) or (3) at least as correct results as by 
that of M. Bazin (i). Thorough investigations have shown 
that formula (2) really gives the value of c at least as correctly 
as that of M. Bazin, and better than formula (3).f 

Each of the three formulae is the equation of an equilateral 
hyperbola, i.e., of one whose asymptotes intersect at right angles. 
These hyperbolae are referred to co-ordinates parallel with the 
asymptotes and pass through the origin of co-ordinates. The 
co-ordinates are :% 

* The authors, in the process of developing their formula, at first (p. 33) as- 
sumed^ and j:,y and j:', etc., to be constant quantities, and therefore designated 
them by a and b, a' and b'y etc., until (p. 36) they were recognized as variables 
and then called ^ and j:. To secure greater uniformity in notation, we have 
taken the liberty of using the letters y and x, etc., from the outset, as above; 
and as formula (2) is the one finally adopted, it has been given the letters 
without accents. — Trans, 

t See Art. 19, p. 31. 

X In Plate I, opposite p. 30, where the three formulae are compared, the abscis- 
sae are the values of R, and the ordinates those of ^, the values of c (= V7*) for 

formula (i) and those of R (= V^) for formula (2) having been calculated, 
in order that the comparison might be properly niade. — Trans. 
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Formula (i): abscissas 7?, ordinates t^'. 

Formula (2) : abscissa ^TR, ordinates c. 

Formula (3) ; abscissae R, ordinates c. 

In Fig. 3 we represent, by way of example, the hyperbola 

,of formula (2). In it dm = bh =y is the distance of the hori- 
zontal asymptote du' from the axis mp' of abscissa, and 
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Sd= Am = X is the distance of the vertical asymptote i/?« from 
the axis 6A of ordinates. Thus, if we make VR = co, the cor- 
responding value of c is = dm =ji; and if VR= — x, then 
c = — — = — = 00 . Let hp' be the abscissa, and p'q' = c' 

the ordinate of a point q' in the hyperbola. If from the point 
a, in which the equilateral hyperbola is intersected by its axis 
dp", we draw the perpendiculars an and ao to the asymptotes, 
we obtain, as is well known, a square doan, whose area is the 
constant which determines the equilateral hyperbola, haq', and 
equal to the area of any rectangle comprised between the 
asymptotes and two perpendiculars drawn to them from any 



^^^ constant 
^^K is equal 

^^^1 asymptol 



J 
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one given point in the hyperbola. For example, doan = dbhm 
= du^q's'. Hence, if we draw a straight line dp' from the in- 
tersection d of the asymptotes to any given point /' in the 
axis of abscissae, then the point /', in which dp' intersects the 
axis bh of ordinates, indicates the height of the ordinate 
p^q' = c' of the hyperbola at the point /'.* In this way an 
equilateral hyperbola may be easily constructed. 

18. Comparison of the three formulae. 

We must now endeavor to ascertain which of the three for- 
mulae, (i), (2) and (3), gives the smallest variations from the 
experimental values of ^, and is therefore the most suitable. 

The curves given by the formulae for any series of gaug- 
ings must pass through the origin of co-ordinates, h^ Fig. 4, and 
through at least two of the experimental values of c in that 
series, and will depart more or less from the remaining ones. 
Let c' and d' represent the two given values of ^, and let R and 
R" represent the corresponding values of R. From the gen- 
eral expression 

(in which, for the present comparison, c gives the values of <:* 

or c, and R the values of R or ^R) we thus obtain the follow- 
ing equations for the values of _;' and x in the three formulae f : 



X = 



c" - c'" 
R" ~ R' 



and ^ = ^'(i + ;J); • ■ 0) 



* Demonstration, — Since du" X ds" = du' X ds\ we have 
du' : du" =zm/>': mf = ds" : ds' = dt" :dt' = «'>" : «V' =y'-c":yc\ 

s't' X 
We see, also, that c' ^y^-ds' =y—y X^ zirr, = y ^ y ^^ — 1= ; 

X 

or, multiplying and dividing by i H ^ ' 

yR 



c = 



1 + 



as in equation (2). 

f See demonstration on next page. 
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^^^H t JitPietutraHt>tt.—\a Fig. 4 let 


^^^V _C= the vertical distance from the axis of absdssilo the horiionlal asymptote; 


^^^P j; = tbc horizonul distance from tbe axis of ordioalcs to the vertical asymplote. 
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1 From the origin of co ordinates, k, draw hq" and kq' through the two points f" 


^^H -and q'. which correspond 10 the given values, c" and c. of c, and through which 


^^H the hypefhf la is to pass. These lines form respectively with the axis of ab- 


^H scisSffi, angles S" (tangent = ~J and 6' (tangent = -^). Now if lines df" and 


^^H dp' be drawn from the cenlcr a" to the paints/" and/', whose abscissa; are rcspec- 


^^H lively R" and R' , they will form the same angles with the horizontal asymptote, 


^^P -viz., 8" (tangent = ^| and B' (tangent -^J. 


^^ From the figure, we have J 


■^ - [an S" " tan S' ~ c" ~ c' ~ <" c' ~ c" ^- ■ 


F' 'r- r''~'r W'~'^ ^ 


And, since ^ = -^-. 


'+:^ ^'-M'+:^)-^'('+.J -^-'"■ 
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b ^ 


c' - c" 


3nf] ^— J {■, \ ^ \. i~\ 1 


^1 


c" c- 


'"'' '-' l"+7s^)' • ''' 1 


^^H •/R' 1 


^1 


c' ~ c" 


.„d / = .■(. + -!,); . . (3) 1 


^V 


c" c' 


^" ^--ff J 


or, in general, for all three formuis : | 


X — 


c' — c" 


an. . = .(. + ^). 1 




c" c' 


'W'~R' 


19. Demonstration that fomrnla (2) gives at least as 


correct results as M. Baziu's formula (1). 


In the following table the values of c obtained by the three 


formulae on page 25, from eight of M. Bazin's series of gaug- 


ings, are compared with each other and with the actual value 


of c deduced from the experiments. I'late I shows graphically 


^^^e same comparison for six of the series. 


^Hb COMPARISON OF THE THREE FORMULA, 


^^P ii)....= /^,, (2),... = i^, {i)..., = ^^, 

^ ^+R ' + ^ '+R 


with Ihe results of eight of M. Bazin's series of gaugings. 


' ^i^ 


V^.^ OP «. Co.P.,=,=ST ., ™« M^C M»«C«=. .CC.K.,«= ^ \ 


otugmB. 


FdmuUCO. 


Formula (a). 


~ \ 


. 


. 


Differeaci. 


* 


Difference. 




Differeoce. 1 


24 


73 -o 


73-0 





73.0 





73.0 


1 




76 
78 




77 
Bo 


6 


XI 


8 
8 


77 
79 




!■ 


5 


77 
80 
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Si 




Si 








Si 
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82 
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83 




83 
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84 
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84 
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84 




84 


6 


+ 


3 


84 








4 






86 




84 






5 


85 








84 


7 








B6 




85 






7 


85 








85 










67 




85 


6 




8 


86 






3 




4 








67 




85 


7 


-2 


2 


B6 




- I 


7 


8s 


5 


- 2 


1 






10.3 




q.i 




- 1 


^K J 
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COMPARISON or THE THREE FORMUL^-^Wiaafl/. | 


Series 
No. 


V,L»,« .. r„ 


C<,.v.,c,... . .o» M^«c M^«,«. .==o«.n.= «^ | 


GauBing 


Formula (0. 


FonnuU (j). 


ForauI.<3>, 1 




. 


Differenee, 




Difference, 


r 


Diffcnnea. 


















2 


63.3 


63-3 


0.0 


63-3 


0.0 


63.3 


00 




68 




67 


7 




3 


67 


7 




9 


68 








6g 





70 




+ 




69 




+ 




70 


3 


+ ° 






7" 


9 


71 








70 


5 






71 


S 








71 


9 


72 




+ t 




71 


6 






72 




+ ( 






73 




7* 


9 






72 


4 






73 










73 


6 


73 


5 






73 








73 


6 








74 




73 


9 






73 


5 






74 










74 


5 


74 


3 






74 








74 


3 








74 


5 


74 


6 


+ 




74 


4 






74 


6 


+ 






74 


9 


74 








74 


8 






74 


9 








75-1 


75-1 


° 


° 


75 


' 


0.0 


75-1 







3-4 




5-6 


1.8 


26 


59 4 


59.4 





59 4 




59 4 







62 


9 






+ 1 


3 


63 


7 


+ 


8 


64 


5 






6 




66 
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65 


7 




8 


66 
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67 


9 


6B 










67 


6 




3 


68 
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6S 




69 








■t 
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9 
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69 


7 










69 


5 


70 








3 


69 


9 
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p 


Val 


™,orTH« 


C.«nC,KKT 




K>c Mkasuu 




.T,^ 


S*ri« 


Aeluil 


Fori. 




ForaolaW. 


ForootaCj). 




















. 


< 


Diferenre. 


r 


Diflertnte, 




Dillerence. 


9 


«-3 


47.2 


-=.. 


47. g 


- 1-4 
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7 




'1 






bj 




6s 




+ <= 
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67 




■>7 
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+"■7 


67 
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+ 0.4 
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37. S 


37-S 


00 




00 


37-5 
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41-5 
43.8 
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43-7 
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41-7 
43.9 
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45.1 




45-1 
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1-7 








0.0 




00 


3q-g 







44-9 
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! aM»Kirjt. mft.ytm^ ppu {txipofm plow of iva tsx. 

E>fonittietorj»l«of thmediffcrcncza between the unuai values 
of c and thonp obtAinrd from the chrce faimuix, it apoears 
fhat No. |}\ ['rom \Wiich otir pnnc:psl fomiuLi is derived, gives 
itw beM rtrmllB, ar leut fnr the oght series here compared, 
2» shown alan bp the graphic fcpresentadun in Plate L En 
» ftw cawes, howrvrr, for instance in aeries ?Jas. 3, 10 and 21., 
rnriTrul»(i) gives betlw rcniilts than (z). 

We frmartc here ihat nur series of values for c do not 
always agjvc nrith M'. Ba»n'4 corresponding aeries of values Ear 



^ 



Tbe (tiBCiepanciea am <bte to- tlie foUowing < 



9RnH%: Witli lespecc to the c^kles on page 5^3 O: aq^ of hts 
wnrk. the headings " Calcuf des principaux elemetits de diaqae 
exp*Tlenc« pnuf t» partie da cnurant comprise entre les pmfils 
Wo. ...ex So. . . .'■" { principal elcraenta of eacft e 
Ihe xctiPM between <>tai]onR No. . , . and No, . . .|, ini 
jttwti^h of channel was ■wlected in each case, in onics b 
moEtf nrariy miifrtrm flow ohf^rvcd, for the dete 
rh«e pflrtcipai ttiemMtw. Now it seemed to na I 
puf^XKe we xlWMiId use the alopea of these sefcctral I 
ANlfev rtlBR fhff JOisra^B ikipc o< the eatire canal, &am 1 

M.tMkt4tdat«i^9^an€i'y=oc£. We therefore caJco- 

iNetf fiPM» |fc« g^vm levd rcaAi^ upon the bottom, at the 

Mtpectim tta^om, the dopes of the water surfaces between 
Amw, Mitf kom time slopes, from the values of ^ and from the 
ottMsrwd NKM 1>«f9Citk> », we obtained the t-alues of c by 
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20. Relation between the coefficients of rougliness, and 
Ibeir connection witb Ibe mean radios R. General 
applicability of tbe formula. 

I M. Bazin's formula 



the values a and /3, as we have seen, have been specially deter- 
mined for each of the four categories of roughness, but no gen- 
eral mutual relation between them was established. It would 
seem, however, to be natural and proper to assume such a rela- 
tion. But one variable coefficient would then be introduced, and 
the formula would thus be rendered more generally applicable. 
Mr. Gauckler* makes the same demand upon a formula of 
this kind, when he remarks that a formula with coefficients 
varying with the degree of roughness of wetted perimeter, and 
at the same time with the mean hydraulic depth R, is not satis- 
factory, but rather proves that its general form does not cor- 
respond mth observed phenomena. He holds that a simple 
algebraical relation exists; that a single coefficient, varying 
with the degree of roughness and having a certain relation to 
^, can be introduced, and that the natural phenomenon of the 
movement of water is thereby stated in its full universality. 

It was our purpose, at first, to proceed upon the assumption 
that the value> in the formula 



was constant, or independent of the degree of roughness, and 
to express the variation of x by means of the function x = ny, 

or J- =: «'y (« designating the nature of the surface) ; so that 
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when H =.v>. the effect of variation in roughness should 
\tKx>xtx ;/.a<i, the desired relation between R and the degree o( 
rou({hneH» being thus established. Under this assumption, the 
hyiKfboIa;, kk', hk", hk'", etc., Fig. 5. whose ordinates give 







,^ r S, vlA«...f.<f»^e--VR" I 



rUll VkIuck of c for three series of gaugings, while they have dif- 
kt vertical asymptotes {x varying with the degree « of 
l^neitN) have a common horixontal asymptote, d"'d' . 
In order to test the correctness of this assumption, we made 
UHC of the following graphic process: 
From the formula 



We have, dividing hy y. 
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and, taking the reciprocals of these values, 

This is the equation of a straight line eq^ Fig. 6, whose 
abscissae are the values of -—^y Ayhose ordinates are the values of 

— , and in which — is the distance oe between the axis of abscissae 
c' y 



at^ — 



k 1 J> 

r X ^ Fifl. 




g. 6 VR 

and the point e where the straight line eq intersects the axis 
of ordinates. 
Also, 

ill 

c y ^ y ^ ^ 

if "" I "~ J/ ' 
which is the tangent of the angle qap at a!^ 



* If, therefore, we take —■;=. = op, we have 



— • — 7= = uq. and 
y Vr 

I I JT I 

— = — -I . — — r =pu + uq 

c y^y VR ^ ^ ^ 



-pq. 



— Trans. 



3^ CEyERAL FORMULA FOR LWIFOKM FLOW OF WATER. 

We plotted the expcnmestal results of &I. Bazin, taking the 

. as ordinates; and 

through the points so obtained for each series, having a uniform 
slope and character of bed. we drew a straight line, averaging 
them as nearly as possible and corresponding to £q in Fig. 6. 

We proceeded Jo the same- way wnth a number of series 
of gaugings of the Seine, Saone, Wcser. Rhine-delta in Hol- 
land, Linth Canal, etc. If our assumption were correct, the 
averting lines should intersect the axis of ordinates at one 

and the same height, indicating a common value of — for all 

the gaugings. This, however, was not the case. On the con- 
trary, the straight lines cut the axis of ordinates at very differ- 
ent heights. In particular, the lines representing experiments 
upon flow in rivers differed widely in this respect from those 
for artificial channels, especially when the latter had a smooth 
perimeter. 

We thus found that the value of y could not be constant, 
but that it must vary with x. 

In order to establish a mutual relation between the values 
y and x, we might put 

> = 7;;= and ji- = /y = « V«, j 

or " I 

y ^— and x = tiy = an, 

in which expressions the coefficient a is constant and w varies 
with the degree of roughness. But repeated trials finally 
induced us to assume the following relation, as best meeting 

the requirements of the case : 



y = a-{-^ 



and 



= ny — l. 



in which a and /arc constant, and « is the only variable. 

We thus obtain, neglecting for the present the influence of 
the slope, the formula 
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c=i = (4) 

X , an ^^' 

Farther on we shall justify this expression and the introduc- 
tion of the value / in the formula. 

We shall endeaver by means of Fig. A on Plate V to show 
graphically the construction of the formula. 

Let bgy on the axis dh' of ordinates, represent the constant 
value a, and h'i' =■ gk^ on any one of the axes of abscissae, 
the constant value /. Through the point g draw straight lines, 
forming, with the axis of ordinates, angles whose tangents are 
n\ n'\ n"\ «''''.* Extend these straight lines to the vertical line 
i'k and to the horizontal line pq\ and through the points 
i\ i'\ i'" , i"" ^ draw horizontal lines cutting the axis bh' of 
ordinates in the points h' , h" ^ h"\ h"" , We thus obtain, for ex- 
ample, for four degrees of roughness of wetted perimeter, 

tang {gi 'k) = tang {dgd ') = n\ 

tang{gt''k) = tsing {6gd '') =n'\ 

tang [gi'^'Ji) = tang {bgd''') = n''\ 

tang {gi''''k) = tang (*^^'''0 = «''''; 
further, 



gA' 





/ 


gh" 





I 
n 


gh'" 





I 


gh"" 







* For the coefficient n, in any given case, the authors take the quotient 
arising from dividing a fixed value /, of |/>^ by the special value c^, of c for the 
given degree of roughness and for the value of y^ corresponding to /, so that 

« = — . Since the value of c for any value of y^ (and therefore the value 

c. for 4/^ = /) decreases when the roughness increases, the above quotient 
varies with the roughness and thus forms a proper measure for it. — Trans, 
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Hence wc have the values of y corresponding to the four 
assumed degrees of roughness 

y = " + ^ =«?+**- =nt. 
y" = « + 4-, =%■+/*••'= M-', 

,•"■ = . + -4= fe- + «*-"• = M""; 

and finally the corresponding values of x, 

x' = a«' ^=bd\ 
x" = an" = bd", 
x"' = an"' =W", 
jr"" = an"" = bd"". 

The horizontal lines passing through the points /i', A", h"\ 
h"", are the axes of abscissae of the four equilateral hyper- 
bolae* h'k. A"k, k"'k, h""k, whose ordinates give the values of 
c for the four assumed degrees of roughness, «', «", »'", »""; 
and the points d' , d", d'", d"" are the centers of these hyper- 
bolje,' or the intersections of their asymptotes. The hyper- 
bolae pass respectively through the origins h', k", h'", h"", of 
co-ordinates and through the common point k. 



We have thus found that in our fonnula (4), 



the values of y and x vary with the degree of roughness of 
wetted perimeter, a variation which is also embodied in M. 



. ne show only the upper i 
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Bazin*s formulae, yet without any relation between the corre- 
sponding coefficients. But in the above formula we have not 
yet expressed the influence of the slope upon the variation of 
the coefficient c. 

From the observations on the Mississippi, its tributaries, 
etc., it appears that the value c increases with a decreasing 
slope. The results of the gaugings are given in the following 
table,* in which we have included also the deduced values of 



V 



c = 



^'RS 



HUMPHREYS AND ABBOT'S MISSISSIPPI GAUGINGS, 

Showing increase of c with decrease of slope. 

(Metric measure.) 



Number of 
Observation. 




G. & K.'s 
Nos. 


H 


. & A.'s 

Nos. 


z 




8 


3 




9 


3 




. 10 


4 




6 


5 




7 


6 




5 


7 




X 


8 




2 


9 




3 


10 




4 



Vicksburgf, Miss. 



it 
ti 



9-497 
15.886 
17.484 

19-538 
19.666 
20.081 

Carrolton, La. i ai.953 

22.085 
22.413 
22 673 



Columbus, Ky. 



(i 



Slope, 
S, 



.00002227 
.00003029 
.00004811 
.00006379 
.00004365 
.00006800 
.00002051 
.00001713 
.00000342 
.00000384 



Mean 
Velocity, 

V. 


1.074 


I 


694 


z 


926 


2 


118 


2 


080 


2 


Z2I 


z 


807 


I 


794 


z 


.229 


z 


.212 



c. 



73-9 
77-2 
66.4 

60.0 
7Z.0 

57-4 
85.1 
92.2 

140-4 
Z29.9 



Selecting those of the Mississippi gaugings having approxi- 
mately equal values of R (Nos. 4 to 10 inclusive), we plotted 
the values of S as abscissae and those of c as ordinates, Fig. 7, 
and obtained a curve convex toward the axis of abscissae, and 
closely resembling an equilateral hyperbola. 

On the other hand, M. Bazin's results, especially those of the 
comparable series Nos. 6 to 11, f and also those of the compar- 
able series Nos. 32 and 33, 3 and 39, 21 and 22, etc.,t exhibit 



* For more extended data, in English meaRsure, concerning the Mississippi 
gaugings, see Appendix, Table I. — Trans. 

f For extended data, in English measure, see Appendix, Table I. — Trans, 
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an influence of the variation of slope upon the variation of c 
which is the reverse of that just noticed in the case of the 
Mississippi : namely, an increase instead of a decrease of c 




with increase of slope, as will appear, for instance, from the 
results of two series given in the following table, in which we 



have included, as before, the values of c 



Vrs 



BAZIN'S SERIES Nos. 6 and 8, 

Showing increase of c wilti increase at slope. 

(Metric o.M5i.rf.) 



SeRIks Nq. 6. 


SEBias No, 8, 


- 1 




„ 


^ 


R 


S 


p 


J 




oi:.M 


0.63s 


49 S 


°°45 


0.00S163 


.-074 


56.:. 






0.9,9 








'■34S 


■il 




0..38 




1. 076 


"" 


^.=.83 
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VARIATION OF SLOPE AFFECTING VARIATION OF c. 4 1 

If we plot the values c for six similar values of R of the 
six comparable series Nos. 6 to 1 1 (rectangular channels lined 
with boards) as ordinates, and the slopes 5 as abscissae, the 
points representing equal values of R form curves concave 
toward the axis of abscissae. 

In Fig. 8 are shown those corresponding to ^ = .73 to .88. 



No, ;, R-.084 
S'~JOOBD 



JTq. g,R-.( 




.0080 



.0040 



.0050 
Fig. 0. 



.0080 



.0070 



.0080 



M. Bazin has indeed demonstrated this effect, but he did 
not regard it as of sufficient moment to require recognition in 
his formula. Upon this point he expresses himself as follows : * 

" The form a + d ^s superior to the form a -[- — ,f because 

the two coefficients vary inversely as the slope ; i.e., when S is 
increased a also increases, but /?, on the contrary, diminishes. 
A sort of compensation is therefore established by which the 
formulae for various slopes, though apparently differing, never- 



* ** Recherches hydrauliques," page 91. 

f This form through v includes the slope. — Trans, 



42 CnNHRAL FOXMULA FOR UN/FORM FLO if OF IVATER. 

thclcss give almost identical values for A* within the ordinary 
limits of application, and consequently they can conveniently 
be replaced by a single forinula with average coefficients.'* 

If, however, in channels of exactly similar character and 
dimensions, but of different slopes, the value c increases with 
increase of slope, the formula should, we think, contain such a . 
variation, provided it is recognized as a dominant one, as the 
results of series Nos. 6 to 1 1 and others appear to justify. 

22, The iintare nf the Influeiiee of cltnat^e of slope upon 
the varintiou of the coelUcieut c. 

The effect of slept: upon the variation of c presents, as 
regards the Missiissippi results and those of M. Bazin, an ap- 
parent contradiction, which we are as little able to explain by 
natural laws as the much more surprising, paradox contained in 
scries Nos. 28 and 29, where at first there was an increase of 
the value c with that of the fall, and, after the channel had 
been lined with canvas, an increase of c with decrease of fall. 

From what has just been said, and in view of the results of 
the latest gaugings, we are justified in assuming that in the 
case of rivers the value c increases with a decrease of slope, 
while in small channels c increases with an increase of slope. 
In Art, 26 we shall discuss the whereabouts of the point of 
transition from one system to the other.f 

33. BBtablishment of the genernl formula. 

In order to satisfy the condition that the coefficient c in 

large streams shall decrease with increase of slope, we must 
devise a formula which, when the slopes S are taken as 
abscissae and the values of c as ordinates, shall give the equa- 
tion of a curve convex toward the axis of abscisss. We have 
already observed, in Art. 31, that such of the Mississippi gang- 



t 



* A represents the value — — , and -^ 
f See footnote at beginning O'f Appen 
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ings as are comparable for this purpose * correspond to such a 
curve. In our formula (4), 



c = 



X 

1 + 



Vr 

\{ R =• 00, r becomes = y. The variation of the coefficient y 
with the slope must therefore follow a similarly curved hyper- 
bola ; and we are justified in assuming for y an expression of 
the form 

in which y^ is the value a •{ — given to y in Art. 20, where 

the effect of 5 is neglected, and in which m is a, coefficient to 
be referred to presently. We thus obtain 

I m 

and by substituting this value in the formula, x := ny — l^ 
Art. 20, we obtain further 

= [a + fjn. 

Substituting these values of _y and x in formula (4), we obtain, 
for c, the general formula 

I m 

^•- . f . m\ n ^5) 

^ + ('^ + 5)^ 



Nos. 4 to 10, because they have nearly the same mean radius, R, — Trans, 
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As already observed, the effect of variation of slope upon 
the variation of c in smaller streams is tht: reverse of that just 
noticed. For the discussion of the transition from one of these 
effects to the opposite one, and for the determination of the 
constant values a, I and m in the expression 



we can find the necessary data by examining the rektioQ 
between the Mississippi results and those of other streams. 

24. Relation between the Mississippi resnlta and those 
obtained fVuui other streams, n'ith regard to the in- 
tlueuee of the variatlou of slope. 

In order to compare the eflect of variation of slope in the 
Mississippi with that in smaller streams, we must select from 
the latter as many cases as possible where the slopes corre- 
spond to those of the former. We find such cases in the 
series obtained from the Seine at Poissy, etc., from the Sa6ne 
at Raconnay, from the river Haine, and from the Canal du 
Jard, in which streams we may also assume approximately the 
same degree of roughness of wetted perimeter. Nearly all 
other data of which we know are obtained from streams having 
steeper slopes. 

Since in our formula (4) 



and since, therefore. 



we see that, if the reciprocals of + ^ arc plotted as abscissae 
and the reciprocals of c as ordinates, the points obtained will 
lie in a straight line. 
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EFFECTS OF VARIA TION OF SLOPE COMPARED, 4S 

We accordingly plotted the Mississippi experiments and 
those of the other streams referred to, and joined by straight 
lines such points as pertained to approximately equal slopes (see 
Fig. 9, Plate 11). We were able thus to connect five points 
from the Mississippi with points from other streams, and found 
that the directions of these five straight lines indicated unmis- 
takably that they would, if sufficiently extended, intersect at a 
certain distance from the axis of ordinates. We accordingly 
produced these lines, and found that their intersections nearly 

I 
coincided in a point whose abscissa ~~7= was = i .00 m. and 

whose ordinate — was = 0.027 in metric measure. The follow- 

c ' 

ing is a list of the points thus plotted ; those from the smaller 
streams being placed respectively opposite to such Mississippi 
results as have approximately the same slope and are therefore 
connected with them in the figure. 

« 

Missis- o _ c _ c _ 

sippi. ^ ~ ^ " 

No. 6, .00006800 Seine at Poissy,etc., No. 4, .00006000 Seine at Poissy, etc., No. 9, .00007500 

No. 4, .00006379 ** " " No. 7, .00006200 ** ** *' No. 8, .00006700 

No. 3, .00004811 '* '* " No. 6, .00005400 

No. 5, .00004365 " '* '* No. 3, .0C005700 Sa6ne at Raconnay 00004000 

No. 2, .00003039 River Haine 00003030 Canal du Jard,* No. a, .0000362 

The above-named Mississippi gaugings are those correspond- 
ing to the steepest slopes. For the remaining five, viz., 

Mississippi No. i,S= .00002227, 
" " 7, .00002051, 

" " 8, .00001713, 

" " 10, .00000384, 

" " 9, .00000342, 

* By some error the authors have confounded Nos. 2 and 3 of the gaugingfs 
on the Canal du Jard. The co-ordinates for No. 2 (slope = .0000362) plotted in 
our Plate II were taken by them as being those of No. 3 (slope = .0000458) 
and wrongly joined with Mississippi No. 3 (slope = .00004811) and Seine No. 6 
(slope = .00005400). — Trans, 
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Iwe found no gaugings for similar slopes from other streams. 
■and accordingly joined their five points with the intersection jl 
i-a!ready found, whose abscissa -^= i.oo meter, and the Unes *' 

I thus obtained conformed very well with the first five lines, as 
I will be seen from Fig. 9, Plate II. 



e^asj 



25. DedacttoDS &om tho foregoiQ« results. 

When the variation of slope causes a variation of e the 
Straight lines formed by the points of comparable series for dis- 
similar slopes, whose ordinates = -. must intersect, 
I _ It will be observed that in Fig. 9 the straight line correspond- 
KJng to the steepest slope occupies the highest position in the 
•diagram, and therefore gives the greatest values of - or the 
■Smallest values of c, while the line corresponding to the least 
■■^ope has the lowest place, and thus gives the smallest values 

of — or the greatest values of c. Our expression thus em- 
bodies the principle that in large streams the value of c generally 
decreases with increase of slope, as was seen in the case of the 
Mississippi, But it also embodies the second proposition, that in 
small streams the value of c generally increases with the slope, 
as appears from many observations by M, Bazin. For, if the 
above ten straight lines be produced beyond their point of inter- 

section [-— ^ = 1.00 meter), they will evidently occupy relative 

positions which are the opposite of their former ones, so that 

the greater values of -, or smaller values of c, correspond to 

the upper lines which represent the lesser slopes, and the 

smaller values of - correspond to the steeper slopes. 

But while we have shown the correctness of our assump- 
tion, with regard to the influence of the slope upon the variation 

• J 



DEDUCTIONS FROM THE FOREGOING RESULTS. 



A7 



of c in the case of large streams, we have still to examine 

whether and in how far it is borne out in small channels ; in 

other words, whether also in the latter cases the straight lines, 

I 
whose abscissae are the values of ~Tr^ and whose ordinates are 

the values of—, intersect, and whether all the points of intersec- 

c 

tion have the same abscissae as those found above for large 

streams. 

For this examination we selected from M. Bazin's gaug- 

ings five pairs of series, the two series of each pair being 

alike in roughness and cross-section, but very different as to 

I I 

slope. As before, we plotted --7= as abscissae, and — as ordi- 

y K c 

nates, and then drew a straight line through the points of each 
series, averaging them as nearly as possible. These lines were 
also found to intersect at points whose abscissae are approxi- 
mately --=- = I meter, as follows : 
y R 



No. of Series. 


Slopb, S 


Abscisses — — :. 


6 

8 

9 
II 

12 
14 

15 
17 

33 


0.0022136 
0.0081629 

0.0014678 
0.0083805 

0.0014678 
0.0088618 

0.0014678 
0.0088618 

0. 1007600 
0.0368560 


\ 1.06 
[ 1. 12 
f 1. 00 
[ 0.68 
[• 1. 00 



From the foregoing we conclude that when gaugings of 
similar channels with different slopes are plotted as in Fig. 9, 
Plate II, the lines for the several series intersect in points 

whose abscissae are approximately —-pr = i meter. 
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DETERMINATION OF THE CONSTANT VALUE L A9 

In order to exhibit this graphically, let hb^ and A/, Fig. lo, 
be axes of co-ordinates, id^ a straight line designating any 
desired degree of roughness of wetted perimeter and forming 
with the axis hb^ of ordinates an angle b^gd^ whose tangent is 
= n. Further, let the abscissa hi = gk = I = i.oo meter, and 

the ordinate ik = Af = -• See also Fig. A, Plate V. 

In the expression j = ^j + - +-c» ^^^ value y must plainly 

n o 

increase with a decrease of the slope 5. Therefore, for a gentle 

slope, let J, = kb. and x^ = *Xi and for a steep slope, let y^ = 

hb^ and x^ = b^d^. Hence, in accordance with our formula, 

. = — ^-. 

the points d^ and d^ are the intersections of the asymptotes, of 
two equilateral hyperbolae, running parallel with the axes of 
co-ordinates, the first {kS^ of which exhibits the effect of a 

little or no effect upon c^ it follows that the two series of gaugings here rep- 
resented will have equal values of c (= c^^ see foot-note, p. 37) when R z=z i 

meter; in other words, the two curves will intersect in a point k whose abscissa 

^R is I meter. From the principle laid down in Art. 17, the centres di, d^ (or 
intersections of asymptotes) of both curves must lie in a line id^ drawn from 
f and intersecting the axis of ordinates in the point g whose ordinate is the 
same as that of k. 

In Fig. A, Plate V, where the effect of variation of slope is not considered, 
and where, consequently, there is but one curve for each degree of roughness, 
it is immaterial what value is given to /, but in Fig. 10, which embodies the 
effect of slope, and in which, therefore, each degree of roughness has as many 
curves as there are slopes to be represented, it is obviously desirable that the 

coefficient of roughness, n =• — (see foot-note p. 37) should be independent of 

the slope and remain constant for a given degree of roughness. The authors 
therefore select for / that value of 4/^, viz., i meter, where c remains constant 
for all slopes. If another value, such as 0.5, of ^H had been chosen for /, we 

should have had two different values, hs and hf^ of c and of n (= — ) for the 

same degree of roughness in the two different slopes.^ TVoim. 

4 
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gentle slope, and the second (AS,) that of a steeper one. We 
see at a glance that when \R exceeds \xxf the ordinates of 
the hyperbola, i.e., the values of c, decrease with an increase of 
slope, and that when VS is less than i.oo" the values of c 
increase with the slope. 

We assume, then, that the variation of the coefficient c with 
the variation of the slope is an increase with decrease of slope, 
in streams where the mean radius R exceeds i meter, and an 
increase with increase of slope, in streams where the mean 
radius R is less than i meter ; from which it follows that when 
the mean radius is = I.oo" the coefficient c does not vaiy with 
the slope.* Indeed, our formula makes the variation generally 
quite insignificant when R varies but little from i meter. 



• The accompanying figure shows Ihe vatiaiion of c i 
bj the formula, (or three difiereni values of R, vii. : 



itti the slope, as given 
I foot. 3.28 feet (=1 
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meter), and 10 feet; the character of the bed remaining constant. Compare the 
actual results plotted in Figs. 7 and 8. — Traiu. 
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We have already intimated that while the opposite effects 
of change of slope upon the variation of c are apparent from 
and established by the results of the latest measurements, we 
must leave it to the scientists to explain this peculiar phenom- 
enon. We were obliged to take cognizance of it in our 
formula, and we have done so in the simplest possible way, in 
conformity with the results of the experiments. Nevertheless, 
we shall enter no protest if others see fit to substitute another 
value, even a variable one, for /; but we believe that the cor- 
rectness of the formula would not materially gain by such sub- 
stitution.* 

In order to ascertain the values of y for the ten Mississippi 
gaugings, as indicated by the results from the Seine, etc., we 
produce the ten straight lines, Fig. 9, Plate II, corresponding 
to the equation 

I __ I , £ I 

Their points of intersection with the axis of ordinates will give 
us the values of -. The values - and r, thus obtained, are as 

y y 

follows, arranged in the order of the slopes and their reciprocals • 





H. &A. 


G.&K. 


.S 


X 

S 


X 


y 


Mississippi 


No. 3 


No. 9 


.00000342 


292400 


.00178 


561.8 




" 4 


** 10 


.00000384 


260417 


.00257 


389.1 




'• 2 


*• 8 


.00001713 


58377 


.00648 


154.3 




•* I 


" 7 


.00002051 


48757 


.00762 


131. 2 




" 8 


" I 


.00002227 


44903 


.00733 


136.4 




*' 9 


'* 2 


.00003029 


33014 


.00824 


121. 4 




" 7 


" 5 


.00004365 


22910 


.01035 


96.6 




" 10 


*' 3 


.00004811 


20785 


.01136 


88.0 




•* 6 


•' 4 


.00006379 


15676 


.01369 


73.0 




" 5 


*• 6 


.00006800 


14706 


.01465 


68.3 



• See Art. 41; and footnote, Appendix II. — Trans, 
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27. I>ctemii nation of tlie constant valn« a in the 
expretfsiun v = a + --{--;: , 

Having thus obtained from Plate II ten values of 7, 
plotted them in Fig. 11, Plate III, as ordinates, taking the ci 

responding values of -r- as abscissae. We now drew a straigh 
line averaging the ten points as nearly as possible, and extendi 
it to intersect the axis of ordinates at s. The height of s abov 

the axis of abscissa: is plainly the value of/ for the case-- = 0,0 

5 — 00 ; in other words, it is the value of j", or a -\ in th 

equation 

m I tn 

of Art. 23. It also gives us the distance from the axis ( 
abscissa to the horizontal asymptote of the hyperbola givin 
the values of y (see Fig. 12, Plate III) when n ~ .027. 

This plotting has given us the valup y^ = a-\ — = 60; 

and we have already seen that the abscissa of the inter 



and its ordinate 
/ I 



= «f = 0.027, from which we havi 
37. Having thus ascertained the numericju 



• For ihis particular set of gaugings only. For other cases, y,, b 
It -j , of course varies inversely with n, — Trans, 

tWhen VS is = l,eis = i^ = ^ (see Fig, lo), 50 ihat !f / is = i 
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DETERMINATION OF THE CONSTANT VALUE m. 53 
/ 

values of y^ and — for this particular case, we have for the value 
^^, which is constant for all cases, 

^ = J» — - = 00 — 37 = 23 . 
28. Determination of the constant value n^ in the 



expression y = a + 1: + "o • 

fft 

In the equation y z=z y^-\-— m denotes the tangent of the 
angle Fst in Fig. 11, equal to that formed between the axis 

of abscissae and the straight line sF^ whose abscissae are rr and 

whose ordinates are y\ but if we take for the abscissae the 
slopes 5 themselves, as in Fig. 12, instead of their reciprocals, 

-^, then nt is the square or constant which determines the 

equilateral hyperbola of the above equation. For the deter- 
mination of this value it is necessary to assume a point through 
which the straight line. Fig. 11, (or the hyperbola, Fig. 12,)* 
should pass. We assumed a point F lying nearly midway be- 
tween those of gaugings Nos. 9 and 10, as being farthest re- 
moved from the intersection s (Fig. 11), and therefore fixing 
the line sF as closely as possible. 
The abscissa of this point is 

__ abscissa No. 9 -[- abscissa No. 10 

"" 2 

_ .00000342 -f .00000384 _ ^ 

and in order to have it upon the straight line averaging the 
remaining values of y^ and to approximate somewhat more 

* The gaugings represented by these diagrams were selected for this deter- 
mination because they embodied the least slopes on record, and thus gave the 

largest values of -^ In the experiments of M. Bazin, — is so small that a 

trifling want of accuracy in its determination would involve a considerable error 
in the value of m, — Trans, 
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closely to the point (No. 9) representing the least slope, we 
determined its ordinate to be> = 487. 

But since j* = >, + ■^■. and since >, = 60 in this case, we 

have, for the distance from the assumed point to the horizontal 

asymptote, -^ = 487 — 60 = 427. The quantities S = ,00000363 

and y — ^, = 427 form the sides of a rectangle, th^ area of 
which is equal to the constant of the hyperbola, and the value 
of which is thus found to be tn ~ 427 X .00000363 = .00155. 

20. Determination of the i-oefflvlent n of rougrliuess of 
wet perimeter. 

Having thus determined the constants, a, / and w in our 
formula, we now proceed to determine the variable value n, 
which designates the degree of roughness of the wet perim- 
eter. We wish to remark, however, that by this expression 
we understand not only the mere roughness of the surface, but 
also the irregularities and imperfections (Schadhaftigkeit) in 
the bed of the channel or river. 

For instance, in the case of river-beds covered with boulders 
and detritus (Geschieben) we must not overlook the fact that 
when the water is low, and in general when the material form- 
ing the bed is not in motion, there is much less resistance to 
the flow than when it is moved during floods. In the first case 
we might compare the surface of the bed of the stream to that 
of an ordinary gravel-path or to that of rough rubble masonry, 
and the coefficient of roughness would be comparatively low. 
In the second case, each rolling stone presents alternately 
larger and smaller resisting surfaces to the current, and a con- 
siderable portion of the energy of the stream is absorbed in 
carrying the detritus forward, and the coefficient of roughness 
may become quite large. Bends in the stream also increase 
the resistance, thus diminishing the velocity and increasing the 
coefficient; and this will be the case even where the stream as 
a whole is quite straight, but where the thalweg passes occa- 
sionally from one side to the other, for here the particles of 
water have a lateral and varying as wel! as a forward and 
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uniform motion. Thus, one and the same stream may furnish 
gaugings showing widely differing coefficients of roughness. 
In the Rhine, for instance, at Germersheim, n = 0.023 ; at 
Speyer, n = 0.026 ; and at Bale, n = 0.030.* 

It will thus be seen that the determination of the proper 
coefficient of roughness, in accordance with the circumstances 
and requirements of the problem, depends largely upon the 
sagacity and experience of the observer. 

To obtain values of n graphically from actual gaugings, we 

may proceed as follows, Plate IV: Plot the values -7^ as abscissae, 

and those of — as ordinates. Assuming a series of values of «, 
.009, .010, .011, etc., find for each the value j for the case when 
S = 00 , viz., j^^ = a -\ — , and its reciprocal — . Plot the latter 
upon the axis of ordinates, and the assumed values of n upon 

* 

the ordinate for--p= = i meter = 1.811 feet. Join each point 

.— with its corresponding point n, producing the lines, if neces- 

sary, to make them reach to the farthest point plotted. 

These lines represent the values of n denoted at their inter- 
sections with the scale of n which is plotted upon the ordinate 

for — ^ = I meter. For each gauging, read the preliminary 

value of n indicated by the position of the point relative to 
these lines; and, taking its known value of 5, find 

/ m 

1.811 .00281 . X, ,. . 
= 41.6 -] ^;— for English measure, 

I .00155 
= 23 -| 1- — ^^^ — for metric measure, 

* In the latter case the gaugings were made in a curve of the stream having 
a radius of about 900 meters. 
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and the corresponding reciprocal -. Lay oR the latter upon 

the axis of ordinates, and draw from it a line through the point 

representing the gauging. The ordinate — of the intersection 

1 
of this line with the ordinate for ~7r, = ■ meter is the proper 

value of « for the case,* 

Since ny — l^^x, the straight lines thus determining k, 
form, with the axis of abscissae, angles whose tangents are = 



* For example, Plale IV shows the upplicatloa of this process to the MiS' 
lissippi gauging No. 2 (ploited at y) and to Bazin's Series No. S. For the 
former we have the preliminary value of n =; .016, as given by its position with 



reference to the line ab ; ao that 
and - = — = .0073. which is to 

y 137 

gives, on the scale of n. the value 

For, since ae" is ihe value - fo 

line c"K" is thai of the equation - 



l-S = =3 + 7r»+^, 



"55 _ 



.016 .00003 
E line /"g, produced to A"', 

;e pq is the value of -. the 
er) and oi = - we have, as 



explained in fooi-noie, j 



= the' tangent of the 



■s Series 



e preliminary value of « = say .0115, then 



y = 23-] 



and - ^ .00917. This gives n = .0115. The slope here is so steep, and — 

therefore so small, that the value y is but little affected by it, and the dotted 

line /JC drawn from - = .OC917 through JC to the mean point of the series 

conforms so closely with Ihose laid oS upon the preliminary assumption, S^=tB, 
that the first and final values of n are practically identical.— Tram. 
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For the gaugings that have come to our notice, n varies 
between 0.009 ^^^ 0.040. 

30. Resume. Final formula. 

In our formula (4), p. 37, 



c = 



^+1^ 



we at first assumed, neglecting the effect of variation of slope, 
that y = ^ + - and x = an = ny — l\ so that 

^ + — 

' n 

c = — 



an 



in which both values, y and at, vary with the coefficient n of 
roughness, while x also holds a certain relation to R, 

The two values y and at, which vary with n^ are thus seen to 
be related, not only to each other, but also to the mean radius 
R. This relation remains the same through all degrees of 
roughness, and fully expresses the variation of the coefficient c 
with such roughness. 

With reference to the influence of variation of slope upon 
the variation of the coefficient c, we assumed 



I ^ 



5 ' 



in which y.=. a A — . 



From this we obtained 






end 

md rinaily; from fonzxnia. 4^ rce .^^zksl lommiat 1 cj, p. 4.^ 



fr. *r 



As rcncErked n. Articles ^ izxdjfiL vc: lotoidtfazt the ti - aiisJ- 
rion from :fae iffecr >t iiope rr irsTe: screams-, -roerc j d£creas£S 
TTth increase jr fione. :d -frar ji ^nail z^resmst. 'vhere ^* i»- 
.-T'-VKci TTth :tie fionci. s mHrtrp^T ay die incersectiaiL of 

Ttrsighr "ines -vhose ligcTssag jre die >-aiuty- jf — ^ 3sxsL whose 
:iniinares ire the .'oiiies jf — jnd "^tisr dns intErseeztfoii takes 



oiace :n i ooinr :F!iu«e inyc:?r=s ^^ is =: mc*. We tftiis 

ierirmined zhe >nniirsnr value . =: ljc*. 

B^/ i^uncanng- riie illi=3^nm r'ssuits^ witi trnse of other 
^r^artis, ■:re rorther Thrrrint^: 5jr ten: ii&rein rdiines the respec- 

iTv*^ *r'j^:^ these iecirsfiiiitftf the Tilue of jr,^ = 6a. 

-'- s 

ar^yj a^ ^ these cases m =. jDi2y 2:0^ / = i lOKtcr. ve obtained, 

60:= tf- » 

' .027 

ih^. fy/n^ant value a = 23. 
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Further, from the product of S (= 0.00000363) and y — y^ 
(=427.0) we found the area m (=0.00155) of the rectangle 
determining the equilateral hyperbola of the equation 



m 

y = y. + iF ' 



Finally, the value n, denoting the degree of roughness of 
the wetted perimeter, was found to vary between 0.009 ^"^ 
0.040. 

Having thus developed the structure of our general for- 
mula, and ascertained the values of the constants, we obtain, by 
combining the results of these operations, the following general 
formula for the mean velocity of water in channels and rivers 
with uniform flow : 



in which 



v=ic VRS, 



^^, y_ 

c = • 



1 + 



in which, again. 



and 



VR 



I m 



x^ny-^l^ \a-]r^n\ 



and thus, finally, 



V = 









VRS. ..... (6) 



The values a, I and m are constant, and n varies with the 
degree of roughness. If, therefore, we substitute in the for- 
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mula the numerical values found for the constants, in metric \ 
measure, a = 23. /= 1,00, and ot = 0.00155, we obtain, for such ' 



+ (-+^^);%. 



■ (7) 



31. Determination of a f«w characteristic series of co- 
efllcleuts of roughuess of wet perimeter, to be uaed 
as mean or Htandard values. 

With the values of « obtained from extensive experiments, 
and ranging from o.OOg (channel in carefully planed boards) 
to 0.0350 (Rhine in the Domleschger valley with detritus), 
we might construct at pleasure any number of categories 
of the same or similar degrees of roughness of wetted 
perimeter, i.e., for similar channels and rivers with approxi- 
mately the same character of bottom and sides But in view 
of the uncertainty which still exists in regard to the many 
phenomena in the movement of water and to the proper mathe- 
matical expression of these phenomena, and bearing in mind 
the unavoidable incompleteness of the gaugings, it appears 
preferable to adhere in general to M. Bazin's arrangement of 
the categories, especially as it seems well adapted to meet the 
requirements of practice. M. Bazin's second category, embrac- 
ing channels lined with boards, as well as with ashlar and brick 
masonry, we have, however, divided into two classes, because 
we found a decided difference between their results, and 
believed that a recognition of this difference, although not a 

•For Sleep slopes, as wiil be seen by the diagrams on Plales VI lo VHI, ihe 
variation of slope has but little effect upon the coefficient c. If we neglect it, 
as may be done in the case of sewer-pipes and other small channels, we have 
the simpler formula: of Art. 30, viz. : 



^ 
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great one, must rather increase than diminish the usefulness 
of the formula in practice. We have also added a category 
for rivers with detritus, so that instead of four we have six 
categories, namely, in metric measure : 

I. Channels lined with carefully planed boards or with 
smooth cement. 

« = o.oio; - =100.00; a A — =123. 

n ft 

II. Channels lined with common boards. 



« = 0.012; -= 83.33; ^ + -=106. 

n ft 

III. Channels lined with ashlar or with neatly jointed brick- 
work. 

« = 0.013; -= 70.91; ^ + -=100. 

IV. Channels in rubble masonry. 

ft = 0.017 \ — = 58.82; a'\ — =82. 

ft ft 

V. Channels in earth ; brooks and rivers. 

ft = 0.025 ; — = 40.00 ; a A — = 63. 

^ ft ^ ^ ft '^ 

VI. Streams with detritus or aquatic plants. 

« = 0.030; -= 33.33; ^ + - = 56. 

We need hardly observe that these six series represent only 
tneatt values. 

In applying the formula, we are obliged to obtain the value 

/ fft 

of jf by adding the values of a, - and -^. We therefore append 

ft o 
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tables* giving values oi a -\ — and of -p , from which we can 

determine the value _>-, and with it the value x, not only for our 
six categories, but also for any desired intermediate degree of 
roughness of perimeter, and for any slope that may occur in 
practice. 

In designing semicircular artificial channels in rubble, repre- 
sented by category IV, if they are to be substantially and care- 
fully built and well maintained, we may assume a A, — = loo. 

The values of n given for the other categories, I to III, are 
those for semicircular channels.f 

We must observe, finally, that while M. Bazin's category I 
represents chiefly series No. 2 (rectangular channels lined with 
cement), our new category I represents the arithmetical mean of 
series Nos. 28, 39, 24, 2 and 25. conforming nearly to the results 
of series No. 34 (semicircular channels lined with cement). The 
curve for the values of c occupies in this case a higher position 
than in series No. 2, and represents nearly the maximum values 
of c obtained by Gauckler's formula, '^v ■= ot VR V^ (cate- 
gory I). 

32. Demoiistration that the Muoiulal and not the monomial 
form is the proper one in a general formula for 
the determination of the mean velocity of water. 

In comparing Gauckler's very simple monomial formula 
with the general binomial formula herein recommended, we 
desire to add the following argument in favor of the latter. 

If we give to Gauckler's formula. 



V^ = 



( Wr Ws . 



the general form 



"See Appendix, Tables II and III, which have been greatly extended and 
reduced to English measure. — Tram. 

fin channels having a less favorable section, larger values of m should 
therefore be used.^ Trans. 



. .4. 
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and, for a gentle slope, designate the slope 5 as 5o, the mean 
velocity v as v^y and the coefficient c as c^^ but, for a steep 
slope, respectively S^y v^ and c^^ we obtain, for each pair of two 
cases with equal values of R and «, but with unequal slopes, 
the constant relation 

In other words, in all comparable cases with equal mean radii 
but with different slopes, the velocities vary as a certain given 
power of the slopes. 

In our collection of reliable data we found about 250 cases, 
in each of which we could combine two gaugings with ap- 
proximately equal values of R but with unequal slopes, and 
from these deduce the power to which the slope values must 
be raised in order to bring them into the same relation as the 
velocities. For this purpose we used the formula 






from which follows 

log V, — log V, 
log 5,- log 5/ 



X = 



In this way we obtained the following approximate values 
of ;r: 

In 40 cases, x = ij 



« 65 ** x = 



I 



1-5 



U 



81 " X = - f 

2 

I 
2^ ' 



30 " X = 



"16 " X = - / 

3 
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A great majority of the first 216 cases, ii 



mean. radius R was less than i.oo meter, while nearly all 

of the last 11 cases, where x varies from — to — , are taken 

4 4-5 
from the Mississippi and its tributaries. 

It appeared, however, from this examination, as well as 
from the several newer formulee and the results of general 
experience, that in any two comparable cases, having equal 
values of R but different slopes, the velocities are to each 
Other as a variable and not as a constant power of the slope. 

This variation of the power of the slope is embraced in the 
new general binomial formula. 



'fRS, 



, and whose ordinate c/ 1 



- (metric measure). 



4 



as will appear from the following explanation : 

Suppose two cases, having the same degree of roughness 
and equal values of R, but different slopes. If we draw, as in 
Fig. 10, p- 48, for each of the two slopes S, and S„ an equilateral 
hyperbola whose abscissa are the values of VJ?, and whose 
ordinates are the values of c, we obtain, as has already been 
shown, two curves which intersect in a point whose abscissa 



From the origin {&) of co-ordinates to the point (i) of in- 
tersection of the curves, in other words, so long as ^ < i.oo 
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meter, the curve for the gentle slope S^ remains below that for 

the steep slope 5^, while beyond the point k of intersection, or 

when R > i.oo meter, the reverse is the case. 

c S 

When R < i.oo meter, — is < i, and, since also -^- < i, we 

may write 

5. 



£2 = f ^r. 



and, remembering that R and » are the same in both cases, we 
may further write 






But when i? > i.cx) meter, and therefore - > i, we have 



and consequently 



-= (IT \/f =(#)"'• 



We thus see that in the first case, when ^ < i.oo meter, 
the powers of 5, namely, i + ;r, are greater than i, while in the 
second case, or when R > i.oo meter, the powers of 5, namely, 
i — J/, are less than ^. 

The exponents x and y are, however, themselves variable. 
When, therefore, x = i, we have 

^ = ^ , 
because 



V, - \SJ ' 
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a relation which, according to Bazin, m ay occur in small chao- 
ncb, as it did in 40 sach cases o{ our investigations as above 
described. 

When J ^ J, we have 



¥ 



This relation obtains in cases of large mean radius R and 
small slope 5. as in that of the Mississippi. 

Since we have thus shown that the ratio of the velocities to 
the powers of the slopes Is not constant, but verj- variable, we 
cannot accept as correct the constant ratio of » to 5" contained 
in Gauckler's monomial formula. 



33. DemoBstratioa that tbe new greneral formula rightly 
embodies the law of tbe hyperbola- 

In order to show that the new general formula properly 
represents the law of the hyperbola, already established for the 
two opposite variations of tbe value c with the variatioa of 
the dope, we assume a case in which R is constant and .S is 
variable. 

If in the general formula 



■ + (» + 






we divide by a + ^r, we obtain 



yx ('-♦'^'^ 



'=^+ 
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and if we put 
= Ay = By and (/ — vR) — i = M, 



we obtain 



B + -C 



Considering c and -^ as co-ordinates, this equation is seen to 

be that of an equilateral hyperbola. 

When VR < /, Jf is positive ; when VR = /, J/ is = o ; and 

when VIR. > /, J/ is negative. 

In the first case, or when M is positive, we evidently obtain 
an equilateral hyperbola convex toward the axis of abscissae, 

since c attains its greatest value, viz., c=^A-\--ny when -^ = o, 
and its least value, viz., c=^ A, when -^ = 00. 

In the second case, or when J/ = o, we have c = = — , 

n n 

and thus a constant for all values of 5 ; which indicates that 
the hyperbola has passed into a straight line running parallel 
with the axis of abscissae. 

In the third case, or when M is negative, we obtain an equi- 
lateral hyperbola concave toward the axis of abscissae, for now 

the value of c is smallest \A ^ J when -^ = o, and greatest 

{A) when -^ = 00 . 

The same result appears if, instead of -^^ we plot the values 
5 as abscissae. 



f «epn£ 



»H. 



M,tJl~m 



(»« — A=JC 



■atoOg m i " " «t » hFpntah. -tunc 
c DO beer <kc ntas of ^ bat Aose Hi 6L 



pns an opit- 



; for both 



U¥^ = t,JirK = Q. and tbe fcypuhji . BOgcs into a. 
stm^t fine iiumn e paca&l wi& tbe aacis of jKar^cp- 2nd 

posBn^ lbnM|^ Ac poafmboae oi^nate b r = — and wbose 

ahsdssa is ^ ^ /. 

If *% :> /, JI is pofiftive. and Ac ^peibafa is convex 
towaid the axb ol absciga^. 

The folknriiig figures illnstiate the thrae 1 
fonns ol the formula. 

J^si Case. il(. < L (Fig. 14.) 

1. Form with abscissae ^-^M positive. 
Z. Form with abscissse ^ S, Jf negative. 

Secoiul Case. »<^ = /. (Fig. 1 5.) 

2. Form with abscissa = S, M=^ o. 



J 
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T 



n 



i 



T 



A l.fB 



ng. 15 
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Third Que. VR> L (Fig. I&) 

1. Form with abscissx = -^ if n^arive. 

2. Form with abscissae =. S, M positive. 

Wc have thus demonstrated that the new general fonnula 
rightly embodies the variation of the value c with the variation 
of the slope and in accordance with the law of the hyperbola. 



In order that the new formula may readily come into 
general use, we will here briefly note the method of its trans- 
formation into other measures. 

Let a represent the length of the meter in any given unit 
of measure. (For instance, the meter being = 3.2809 . . . Eng- 
lish feet, a in this case is ^ 3.2809 . . .). We accomplish the 
transformation by simply multiplying each of the constant 
coefficients of the formula with \'a, while the coefficient n of 
roughness, being a tangent or ratio, remains the same for all 
measures. We thus have, in general, 

y = ym Va, 
x' ^= x„^ y'a, 

"■' = ", ■d. 

m' = m^ nf^ 

in which c' , y' , etc., are the respective values in the given 
measure, while Cm, ym, etc., are those for metric measure. 

This gives, for English measure, as above, the general 
formula 

r.Sii , 0.00281 



'41.6 - 



1+ 4I-6- 



, 0.00281* 



\^RS, 
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in which 

V = the mean velocity of the water ; 
R = the mean radius ; 

5 = the slope of the water surface per unit of length ; 
n = coefficient of roughness of the wetted perimeter. 

35. The simplicity of the new gr^neral formula for prac- 
tical use. 

The new general formula appears at first sight to be some- 
what complicated for practical purposes, but if we consider the 

expression c = , we see at once that its solution be- 

comes a very simple matter as soon as we have determined the 
values J/ and x corresponding to various degrees of roughness 
and for a series of slopes, and arranged them in Tables."^ But 
the determination of the coefficient c becomes even simpler by 
means of the following graphic process. 

35a. Simple graphic determination of any one of the 
unknown values c, n^ M, 8, when the other three are 
given. 

In Fig. A, Plate V, as explained on pages 37 and 38, we 
have endeavored to represent graphically the formula 



c = 






/ 
neglecting the eflFect of slope and thus making j/ = a -\ — * and 

X = an. 

But in our general formula the values j and x are made to 
include the effect of the slope, thus : 

*See Appendix X", Tables II and III. 



GMjajLU. FOMmtau jo* sanvwur FLaw or w^rat. 



Here «c xe &atj & 
«taat wiiilc I&e atfar fo are nn'iMr A dtini tEim. ^ 






a|BibXcxsu Iiy|KilMiBk; 



I 
I 



la order to add to the <Il^jb tkn hyp abofa 1 

T -MMti oo oij wkh the aiope, Lc^ tor the y ah aes =,t 

the axis ^<f of ordiaates ttpwaid ladcfiBttcIjr. as ^5<:' thi^ lines 
gd' , gd" , gd'" . gd"" , F^. H Pbtc V, Thea^-rnprc^&s of tbe 
required hypciboU talenect at the point h* and the h;.-perboia 
ee Hielf n casdf ooostrocted, bccwsc the constant 
.001 ;5) which dctcmuoes it bghreiL^ 

Tbe values y are now comidetcly dctcnnined. because 

^= a-, gf^, gW, gk"\ etc. = ^ • ^ > ^ • etc ; and, foT' 

instance for dope S', ha = ■—-,. 

In Fig. A. on the same Plate, in which the effect of slope 
is not con«dcTed. the intersections of asj-mptotes d'. d"", etc. 



* fb = a ■= 13. Heoce i correspoacU to a slope oi S = sa, or — ^= o, 

f See psic« Jb. 

t On (he titbet hand, if we uke Ihe reciprocals — oi the slope? as abseissK, 
nd l)ic value* — at otdinaus, we obtain a llae 1/', Fig. ti, Plate III, which for 
qlutl (lopef give* the tame ordinate^ (^) as the hjrperbola rr. 
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of the hyperbolae h'ky h"'^k^ etc.,* giving the values of c, He in 

I 

the single horizontal line bd'^'\ corresponding to the horizontal 

asymptote pq of the curve ee^ Fig. B ; but in the latter figure 

they lie in the horizontal lines 5,, 5„ etc., corresponding to the 

different slopes, the heights of these lines above pq being 

m 
determined by the values of -^ given by the hyperbola ee. 

Therefore the intersections of the asymptotes lie in the line 
gd' ox gd'\^\.z,y as in Fig. A, and at the same time in the hori- 
zontal lines 5o, S^^ etc., representing the several slopes. Thus, 
their horizontal distance from the axis of ordinates increases 
with the increase of roughness, and their vertical distance from 
the axis of abscissae increases with decrease of slope.f 

Examples. — i. LetV^7?=i.4 meter, 5=5o, and n^n'". 
Determine the coefficient c. (Fig. B.) 

From the intersection d'^ of the horizontal line S^ with the 
radial line n!" draw a straight line d"r' to the point r\ corre- 
sponding toi^= 1.4 in the axis of abscissae h"'i"' for n'" . 
The line d"r^ cuts the axis of ordinates at a point d ^ 6.5 above 
g, and we have c = h'"g-{-gc' = 29 + 6.5 = 35.5. 

2. Let 4/^ = 0.4 meter, 5 = S" and n = n' . Here the 
straight line er" intersects the axis of ordinates at — 20, and 
we have c =gh' — gc" = 58 — 20 = 38. 

We may avoid these additions and subtractions by drawing 
the radial lines indicating the values of n from i\ as in Fig. C, 
instead of from g^ as in Fig. B, so that the angles whose tan- 
gents are respectively = n\ n'\ n"\ etc., shall have their apices 
in i' , In Fig. B we have a separate axis of abscissae for each 

/ 

value of n^ its distance gh'y etc., from g being = —, > etc.; but 

/* 

* Fig. B shows sixteen intersections of asymptotes, d\ d'\ etc., for as many ^ 
curyes, hk, etc.; but to avoid confusion we show but two of these curves, viz.: 
for slope 5*0, n' and n"'\ and for slope 5i, n' and n"" . — Trans. 

f But, since x is = (^~i~T)^> ^^^ horizontal distance x also increases with 

/ m 
decrease of slope; and, since y = a-\ 1-— , the vertical distance y increases 

with decrease of roughness. 
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fh^ iA^^K m^iAtUuOMm kares Imt tSoie aads of allwrifflsy -(^'A 
/'/^fA4|i«i'ywfiifi»$( t/> tb« jwnallcft valoie of « to be rqnnescaaticd in 

't U^ ¥'/4u^r^ fA y retnzin unchained hy this modificatSon : 
)IMiv4/ ^H44r\A Uff iha (%f%i radiad line, are now reckoned irom a 
/»>^')^ i^ ,1^^^ /^/jl </( dtncimat. Hence the intefsectioas d \ etc^ ior 
k 0<;^f^H ^f\m uo Umn^r lie in a horizontal line* as in F%. B, but 
j»^ >fi ^ Hfi/^' d""d\ ^Xc.^ Fig, C,* which we shall call a slope cmvc. 

f Af m ^i^mV the equation of this curve. We know that 

;r = f j; + ^.j« = «r — /; 

a^m4 U<«t, therefore, 

X 

n = - 

;r = 




W*? ihuH find the equation 

1/ = 

•^ X 

or 






*Thc« lnt(*rHc*r(ir)nN lyin(( iilonf( the first radial line n' remain in Fig. C the 
«*ttm«« »•* In Flj(. H, bfCttimo the end point, 1", of that line has not been moved; 
bill iliMH*? oM the* next radial line «" must be lower by a distance = i" »", Fig. B, 
iho«<t on line* n'" by ft distance = T" r» and those on line »"" by a distance 
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nt 



When ;r = o, J/ = 00 ; and when ;r= oo,j/=^ + 'c 

Here we again have the equation of an equilateral hyper- 
bola whose vertical asymptote coincides with the axis of 
ordinates, and whose horizontal asymptote lies at a distance 

fK 

^ = ^ -f- "c from the axis of abscissae, and thus varies its posi- 
tion as the slope varies. 

If we construct such hyperbolae for a series of slopes, in 
accordance with the simple method already given, by means of 
the determining rectangles xy^ and draw them through the 
radial lines indicating the values of «, we obtain points of inter- 
section, each of which is common to a certain slope and to a 
certain degree of roughness. If now, in any given case, we 
draw a straight line, joining the point of intersection and the 

point in the axis of abscissae corresponding to the value of i^^, 
then the point where this line cuts the axis of ordinates gives 
us at once the desired value of c. 

By this graphic method we may not only obtain the value 
c^ but, having the four unknown quantities r, n, R and 5, we 
may determine any one of them when the other three are 
known. This can best be illustrated by a few examples. See 
Plate VI, in metric measure. 

1. For a canal in earth whose slope 5= 0.0002, and whose 

♦(^ = 1.400, to find the coefficient c in the formula vz=ic VRS. 

The point of intersection of the curve for 5 = 0.0002 with 

the radial line of category V {n = 0.025) is a. The point in 

the axis of abscissae indicating VR= 1.400 is d. The straight 
line ad cuts the axis of ordinates in the point c'\ and ^ is = 45.6. 

2. For a mill-race lined with boards, slope 5 =0.001, and 
VR = 0.400, to find the coefficient c. 

The curve for 5 = 0.00 1 cuts the radial line for category II 
(n = 0.012) in d. The point in the axis of abscissae indicating 

VR = 0.400 is/. The straight line incuts the axis of ordi- 
nates in the point ^, and we have c = 62. 

If the given slope falls between two of the curves of the 
diagram, we must, of course, take the point a or d between 
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those two curves, and if the degree of roughness is intermediatej 
between those of two adjoining radial h'nes, a similar modifica- 
tion must be made. 

3. Let c = 64.5, VS = 0.68, 5 = 0.001 ; to find n. 
From the point Vli — 0.68 on the axis of abscissae draw a 

straight line to the point c = 64.; in the axis of ordinates, and 
extend it to intersect the slope curve i* = 0,001. The point 
of Intersection gives « = 0.0138. 

4. Let c = 50.5, « =0.027, 5 = 0.00015; 10 fi"<l ^^■ 
From the intersection of radial line n = 0.027 with slope 

curve 5 = 0.00015 draw a straight line through the point 
£ =^ 50.5 on the axis of ordinates, and extend it to the axis of 
abscissx. Its intersection with the latter gives VR = 2,338. 

5- Let c = 52.0, K = 0.023, *'^= '-550: to find S. 

From the point \^ = 1.550 on the axis of abscissae draw a 
straight line through the point c = 52.0 on the axis of ordi- 
nates. By extending this line upward to the radial line 
« = 0,033, we find the slope curve 5 = 0.0001. 

These examples illustrate the extreme simplicity of the pro- 
cess for determining any one of the four values f, «, Ji and S, 
when the others are given.* 

Since K and 5 are the same for all systems of measures, the 
same diagram may be used for all systems, provided only that 
we first re-graduate the scales of VJi and c on the axes of co- 
ordinates in accordance with the desired system, bearing in 
mind that the unit of the new measure is found by putting 
_ I meter 
Va ' 

For the English foot, a = 3,28109. It thus appears that our 
diagram is of general practical utility, and is universally appli- 
cable, t 

* Instead of using a ruler it will be found more convenient to stretch a 
black thread from the axis of abscissa: to the slope curves. — Tram. 

\ Inasmuch as the present translation nill be consulted chiedy by Americaa 
and English engineers, we have added (PlateVIIIja large scale diagram in 
English measure, and in Appendix V have shown the method of consUQCting 
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6. The correctness of the ntiw general formula demon- 
strated Ijy the results uf 210 gauglugs uuder wfdeIf 
ditt'e^eDt circumstfiucesi 

We have yet to show in how far our general formula accords 
with the^ results of observations by M. Bazin, by the American 
engineers Humphreys and Abbot, and by other authors. For 
this purpose we append a brief collection of such results, and 
remark tn this connection, that, in view of the general character 
of our formula, it may appear permissible if the observations 
should fail to accord'as closely as the several formulae specially 
derived from them. Again, the values « of our six categories 
are not intended to be rigidly adhered to, but should in any 
particular case be modified according to its requirements, 
because they are merely mean values or suggestions intended 
to aid in the determination of the coefficients. M. Bazin gives 
definite coefficients for four categories only, and makes all in- 
termediate cases subordinate to them. 

We may be permitted to observe that our formula agrees 
more closely with the Mississippi observations than does that 
of Humphreys and Abbot. 

To facilitate the comparison, we add in each case columns 
showing the differences between the resultsof the formula: and 
those of the observations. The amounts in these columns are 
found by dividing the result of the formula by that of the 
gauging and deducting unity from the quotient. At the foot 
of each column in each series we give the arithmetical mean of 
the amounts. In the summary we give also means which are 
found by taking for each series the sum of the differences 
between the observed and the calculated results, and means 
found by taking the differences between the positive and 
negative differences. The comparison is thus made in three 
different ways. 

In all three of them our formula is seen to give the best 
results, as will be evident from a glance at the summary. Out 
of 236* comparisons, 22 result in favor of Humphreys and 
Abbot, 49 in favor of that of Bazin, and 165 in favor of our 
own. 

*See remuk «I foot of sumoiary. 
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COMPARISON OF THE THREE FORMULAE— Gw/iif«^</. 



o 

2 



Vr 



Slops, S 



Mban Vblocitv. 



Meas- 
ux«d. 



By formula— 



H. A. 



B. 



G. K. 



DiFFBRBNCBS. 

Velocity measured 
Velocity by formula 



— t. 
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G. K. 
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COMPARISON OF THE THREE FORMULiE— Gw/tift<^^. 



o 
2 



Vr 



Su>rB,.S 



Mban Vblooty. 



Meas- 
ured. 



By formula — 



H. A. 



B. 



G. K. 



DiFFKRKNCBS. 

Velocity measured 
Velocity by formula 



— X. 



H. A. 



B. 



G. K. 



Strauss, Lauter Canal, n = 0.0260. 
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0.563 I +0.09 
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o 



COMPARISON OF THE THREE FORMULAE— Ow/i^K^i/. 
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MsAN Vblocity. 



Meas- 
ured. 



By formula — 



H. A. 



B. 



G. K. 



DiFFBRENCBS. 

Velocity measured 
Velocity by formula 



— 1. 



H. A. 



B. 



G. K. 



Brunings, Rhine delta in Holland, n = 0.0250. 



I 


1.625 


0.00022016 


Z.X29 


1.082 


X.186 


X.157 


— 0.05 




- 0.06 


-j-0.03 


2 


1.876 


0.0001Z500 


0.910 


1.073 


1.032 


1.038 


4-0.18 
-|- 0.20 


- 


-0.13 


--0.14 


3 


1.948 


0.00011056 


0.918 


X.IOI 


1.062 


1.069 


- 


-0.16 


--0.16 


4 


1.951 


0.000220x6 


1-474 


X-350 


1.502 


X.464 


— 0.09 


- 


Y 0.02 


— 0.01 


5 


2.213 


0.00011500 


Z.3X0 


1.277 


1.272 


1.274 


— 0.03 


— 0.03 


— 0.03 


6 


2.260 


0.000x1056 


Z.3XO 


X.289 


1.271 


1.300 
Means: 


+ 0.07 


-f 0.05 


+ 0.07 




O.IO 


0.07 


0.07 









Schwarz^ fVeser, n •■ 


= 0.0230. 






X 


X.348 


0.00018335 


0.430 


0.850 


0.840 


0.889 


+ 0.98 


4-0.96 
-f-0.03 


-f-1.07 


3 


1.387 


0.00039856 


1.346 


X.072 


1.288 


1.346 


— 0.16 


-1-1.08 


3 


«-393 


00041Z00 


Z.580 


X.089 


1.316 


1-378 


-0.45 


— 0.20 


-o.is 


4 


x-435 


0.00041067 


Z.509 


X.119 


1.370 


1.431 


-0.35 


— 0.10 


— 0.06 


5 


X.628 


0.00019x68 


Z.058 


1.053 


1.X09 


1.168 


0.00 


H-0-05 


-f-o.io 


6 


Z.696 


0.00020000 


i«39 


X.X12 


1.200 


1.247 


— O.Il 


— 0.03 


0.00 


7 


X.745 


0.00020000 


X.338 


X.142 


1.238 


1.305 


— 0.17 


— 0.08 


— 0.02 


B 


1.791 


0.00021668 


Z.450 


X.307 


1.336 


1.400 


— 0.20 


— 0.08 


— 0.03 


9 


1.837 


0.00021668 


X.581 


Z.23S 


1 378 


1.443 


— 0.20 


-0.15 


— 0.09 


10 


Z.96Z 


0.00053163 


2.416 


1.684 


2.351 


2.405 


-0.43 


— 0.03 


0.00 


zz 


2.017 


0.00055035 


3.409 


1.734 


3.470 


2.532 
Means: 


-0.39 


4-0.03 


4-0.05 




0.31 


o.x6 


0.15 







Poir/e, Seine at Paris. 


n = 0.0250. 






X 


1.314 


0.000137 


0.638 


0.73s 


0.673 


675 


-j-0.15 


-l- 06 


-|-o.o6 


2 


1.469 


0.000133 


0.690 


0.863 


0.705 


0.797 


-- 0.25 


-- 02 


--0.15 


3 


1.603 


0.000135 


0.737 


0.946 


0.912 


0.901 


4- 0.29 


"T 0.24 


-ro.36 


4 


1.700 


0.000140 


1.037 


X.OXI 


1.005 


1-991 


— 0.02 


— 0.02 


— 0.04 


5 


1.824 


0.000140 


X.140 


1.092 


X.IOI 


1.090 


— 0.04 


— 0.04 


— 0.04 


6 


1.927 


0.000140 


1.163 


Z.163 


1179 


1.173 


0.00 


4- O.OI 
4- 02 


--0.01 
-j- 0.02 


7 


2.102 


0. 000x40 


X.390 


1.273 


1.3x1 


Z.311 


— O.OI 


8 


2 140 


0.000140 


1-375 


Z.396 


1342 


1.34a 


— 0.06 


— 02 


— 0.02 


9 


2 203 


0.000173 


1-427 


1.404 


1540 


1-532 


— O.OI 


-|-o.o8 


-f 0.08 


ID 


2.266 


0.000131 


1-463 


1-349 


x.390 


X.403 


— 0.09 


— 0.05 


— 0.04 


II 


3.367 


0.000103 


X.429 


1-329 


X.298 


1.338 
Means: 


- 0.08 


— O.IO 


— 0.07 




0.98 


0.06 


0.08 







Emery y Seine at Poissy, etc 


. n =< 


0.0270. 










I 


1.471 


o.coaoiqfa 


0.704 


0.784 


0.670 


0.621 




- O.II 


— 0.05 


-O.T3 


2 


1.530 


0.000087 


0.705 


0.808 


0.689 


0.646 


- 


-0.14 


— 02 


— 0.09 


3 


1. 851 


0.000057 


0.720 


0.880 


0.715 


0.704 


- 


-0.23 


— O.OI 


— 0.02 


4 


1.946 


0.000060 


0.719 


0.938 


0.781 


0.772 


- 


- 0.30 


- 


- 0.09 




- 0.07 


5 


2.034 


0.000050 


0.723 


0.952 


0.752 


762 


- 


-0.32 


- 


-0.04 




-0.05 


6 


2.080 


0.000054 


0.791 


0.994 


0.806 


0.812 


- 


-0.26 


- 


-0.02 




-0.03 


7 
8 


2.199 
2.266 


0.000062 


0.887 


1.085 


0.923 


0.924 


- 


- 0.22 


- 


- 0.04 




- 0.04 


0.000007 


0-945 


X.X41 


0.992 


0.994 


— 


- 0.20 


— 


- 0.05 




-0.05 


9 


2.334 


0.000075 


X.015 


X.308 


X.087 


X.083 
Means: 


— 


-0.19 


- 


- 0.07 




I-0.06 




0.22 


0.04 


0.06 
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UUH VSUKTITY. 




i 


MCH- 


By (omol^ 


V.™,,^,!.™.! '■ 




H.A.| B. |g.K. 


„.A. 1 ». 1 a.K. 



LeveilU, Saint at JtaesnMaji. n = 0.0: 



1 


■^897 


I 


i 

o.oSj 


i 


i 


0.496 




i-o.jg 


-O.DJ 


+ t,'.ai 






Mcn^ 


"■" 


0,^ 


O.OJ 









iJaiao^ i^ji/w. n - 


O.026O. 






• 


il 


=3 


0:^9 


•;i 


o.'b,, 


M«m> 


i5 


+0.07 
+0!™ 
-D.04 






"■" 


0.=, 


d.dK 



Slrauii, Rhine at Sfiiyer. H = O.0260. 








■I-H~I-I-H-HH-H 


+ 


-., 


-..., 


Grehinati, Rhine at Crrmerskcim. n = 0,0230. 


> 1.S.9 D.oooi*7» 1 '-MO '.=67 '-458 >-S'B -"■" 




.. 


-,... 


Gnbcnau. Rhine at BSlt. n = 0.0300. 


, ..„\ .,»„* 1 ..,„ .,,. ..„ ,.„.|-., 


+. 


.. 


... 











/jar. H 


= 0.0300. 
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i^'is 


0.™^ 


1.89 


;:?^? 


3:'" 


Mmpb 


IS 


t::S 


+S:l6 




•■'■ 




-.3 









ttgler, Esther Canal. 




260. 






; 


i;S 


....„ 


■ ■938 


1:3 


,.k=4 


Means 


;::g 


t"; 


+ ..03 




.-« 


•-■■ 


0.03 
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COMPARISON OF THE THREE FORMULAE— Owr/n^^dT. 





^R 


Slops, 5" 


Mean Vblocity. 


DlFFBRBNCBS. 


• 


Meas- 
ured. 


By formula— 


Velocity measured 
Velocity by formula 




H.A. 


B. 


G.K. 


H.A. 


B. 


G.K. 



La Nicca, Plessur at Chur, n = 0.0270. 



X 


0.616 


0.009650 


X.830 


0.969 


«-750 


X.811 


— 0.89 


— 0.05 


— 0.X9 


a 


0.844 




3-045 


X.3SI 


2.984 


2.788 


- 1.25 


— 0.0a 


— 0.00 


3 


X.029 


fti 


3.108 


X.7X9 


4095 


3-78! 


-1.81 


--0 3a 
-j-0.07 


4- 0.2a 


4 


1.045 




4.140 


X.744 
x.748 


4.426 


3.858 


- 1.37 


— 0.07 


5 


X.046 




4.251 


4.205 


3.875 


- 1-43 


— o.ox 


— 0.09 


6 


z.x8z 




4.X9X 


X.9ZX 


4.799 


4-4«7 
Means: 


— 1. 19 


4-0.14 


4- 0.0s 




z.x6 


o.zo 


0.09 



La Nicca^ Rhinf in Rhine Forest, n = 0.0310. 



X 


0.356 


3 


0.482 


3 


0.607 



o.oi4aoo 

4. 
M 



O.7XX 
X.38O 
X.839 



o.6tx 
0.838 
1.04a 



0.768 

X 363 
3.06a 



0.777 
i.a82 

X.845 
Means: 



o.x6 
0.67 
0.76 



o 53 



+ 0.08 
— o.oi 
+ o.ia 



0.07 



4-0.00 

— 0.08 

0.00 



0.06 



La Nicca, Mdsa in Misox, n = 0.0310. 



X 


0.548 


3 


0.604 


3 


0.68a 



0.0x1875 






X.I79 
X.689 
2.313 



o.; 

o.( 
X.II5 



X-57I 
X.870 
2.311 



X.433 
1.672 

3.006 
Means; 



— 0.32 

— 0.71 

— 1.08 

0.70 



t 



0.33 
o.ii 

0.00 
0.15 



+ o.aa 

— o.oi 

— 0.X5 

0.13 
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PS7. Bemarln npon tbe resaU of tfce forceotas compftrison 
and apwn the experiment* thenuetnes. 

From tbe data contained in this table it appears : that the 
(ormuta of Humphreys and Abbot frequently gives too great 
velocities where the slopes are very small, and invariably too 
small velocities where the slopes are great; that M. BazJn's 
formula is not applicable to large streams n'ith very small 
slopes, and that the new general fonnula. on the contrary, 
gives useful values throughout- We thus see that the first 
two formula are not universally applicable, although that of 
M. Bazin can, if modified, be made so. We must observe, 
however, that while the foregoing comparison embraces the 
most important of over 700 available gaugings, a similar 
comparison of other observations would doubtless give a dif- 
ferent numerical result, which, however, would still uphold 
the above conclusion. M. Bazin's formula would no doubt be 
more exact if it were not restricted to four categories with 
fixed coefiicients « and p, and if their variations were con- 
sidered for all possible cases. The fact that we have in a few 
instances obtained results from M. Bazin's fonnula which 
differ from those given in the " Recherches hydrauHques" 
is, as already observed, due to our different use of the slopes. 
For instance, for Series No. 2 we found 5 = 0.00506, instead 
of 5 = 0.00490, which is the mean slope of the entire channel. 

The great diversity in the phenomena and effects of the 
flow of water, and the widely differing influences to which that 
flow is exposed, from differences in roughness, in form and size 
of channel or river-bed, in slope, etc., explain the impossibility 
of obtaining good results in all cases from a formula which, 
like that of Humphreys and Abbot, is deduced from gaugings 
relating to quite extreme and one-sided conditions, without 
reference to a comprehensive series of gaugings made in 
various streams of the greatest possible diversity of character. 
This, however, docs not in the least detract from the great 
value of the service which Humphreys and Abbot have 
rendered to the science of hydraulics. 

Their work will always maintain its high position in the 



■ iiie 
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literature of this branch of science, and the results of the in- 
vestigations and gaugings in the Mississippi will never cease to 
be of great importance and to demand our grateful acknowl- 
edgments. 

In comparing the difEerences between the results of the 
observations and of the formul«e, we have not assumed that 
the former are necessarily correct and the latter alone in error ; 
the records of the gaugings have many imperfections, as 
appears at once from a glance at the graphic representation of 
tile values of c corresponding to analogous experiments. 

The coefficient for determining the velocity of the water 
from the number of revolutions of Woltmann's current-meter 
is not easily found with great exactness, white Pitot's tube gives 
the velocities only at the moment of observation, and cannot 
determine the mean values of the variations of speed, such as 
oscillations, pulsations, which take place during a certain in- 
terval of time. This is an important defect of the instrument. 

Gaugings. made with single and double floats require 
a very accurate determination of the limes of passage, and 
this is always a very delicate operation even with the use of 
the best stop-watches. If, in view of this difficulty, a repetition 
of the measurements is resorted to, we are confronted with the 
fact that the arithmetical mean time is not necessarily the 
true time, and that we can expect an approximately correct 
average only after the elimination of those results which 
vary widely from the mean. And when ascertaining only the 
surface velocities, as accurately as possible by means of floats, 
the mean velocity has yet to be determined by multiplication 
with a more or less doubtful coefficient. Or, if the velocities 
are measured at different depths in a sufficient number of 
vertical planes, and the area of the cross-section is found, even 
then each of these several operations is subject to so many 
inaccuracies that no hydraulician can feel assured that he has 
measured the velocity with mathematical accuracy, or that such 
measurement is possible. The best gaugings are those in 
which the volume of discharge can be directly determined ; yet 
here, too, preci.se time-measurement is indispensable. 

The greatest difficulty, however, lies in the exact deter- 
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This being true, flowing water bas reaSy no unifonn motion, 
ftuch as b assumed ia the fonnubc;, and it must always be a 
difficult task to execute predsc measurements of the flow. 
Ifcncc, when observed velocities are stated with more than 
three decimal places for meters per second, or more than t\vo 
decimal places for feet per second, we know that they affect a 
degree of precision which is simply unattainable. 



Wc therefore remark that the discrepancies between the 
results of the gaugings and of the formulae, irrespective of the 
differences among the latter, are chargeable not only to the for- 
multE but also more or less to the gaugings themselves. 

38. Concluding remarks. 

In the foregoing treatise we have recited the method fol- 
lowed by us in our effort to establish a general formula for the 
determination of the mean velocity of water flowing with a 
unifonn motion in channels and streams, a formula applicable 
alike to the flow in small artificial channels and to that in great 
rivers ; and we have shown how we embodied in it a relation 
between the cocflficient «, designating the degree of roughness 
of wetted perimeter, and the other values in the formula, by 
introducing a single coefficient varying with the degree of 
roughness, so that our formula satisfies the conditions required 
to render it generally applicable. Besides the variation of the 
coefficient c with the value R and with the degree of rough, 
ness, our formula provides for its two opposite variations with 
the slope, a variation which is apparent from the recorded 
observations, but recognized by no other formula. Similarly, 
the variation of the exponent x in the equation 






which is likewise deduced from the observations, is given by 
none other. 

We make no claim to the establishment of a new theory, 
but give merely an empirical formula, in which we supply what 
we regard as lacking in the formulae of Bazin and of Humphreys 
and Abbot; and we herewith submit this endeavor to the 
criterion of science. We hope that in doing so we have con- 
tributed in a small degree to the advancement of the study of 
Hydraulics. 

A hundred years ago Michelotti and Bossut had established 
the fundamental principle, to which Dubuat also subscribes. 
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that formulae for the expression of the flow of water must 
be deduced, not by abstract theorizing, but from the results of 
experiments. We have acted upon this principle, and leave to 
others the task of explaining the recently acquired facts by 
mechanical laws, and of constructing a new and satisfactory 
theory from the rich fund of accumulated experimental data. 



SUPPLEMENT. 



39. A more direct derivation of the formula. 

When ,we wrote the foregoing treatise, some eight years 
ago, we gave an account of the conception and development 
of our formula. This proved to be somewhat voluminous. 
In order to satisfy those who prefer mathematical brevity, we 
add the foUo-^ving simple and comprehensive sketch of its 
derivation. 

In the general formula 

v = c VRS, 

the coefficient c increases with the value of i?, decreases with 
the increase of the slope S when R > i.oo™, increases with the 
increase of slope when R < i.oo"^, and varies with the rough- 
ness of the wetted perimeter of the channel. In order to ex- 
press these variations we have in the first place followed the 
example of M. Bazin in choosing the binomial form. We put 



c = 



X 

1 + 



\fR 

in which y embraces the variations with the slope and with the 

roughness, and —-=. the variations with R, We used y R in- 
^ VR 

stead of R, because we found that by so doing we obtained 

results more nearly in accordance with the facts. If we divide 

the above equation hy y and take the reciprocals of the values 

thus obtained, we have 



94 GENERAL FORMULA FOR UNIFORM FLOW OF WATER. 



C = 






nd 



(0 



L_1_l£ I 



(2) 



in which —-;=■ gives the abscissae and - the ordinates of a straight 
h'ne forming with the axis of abscissae an angle whose tangent 

JK" « I I ^ 

is _ , and in which _ gives the value of — when —=■ = o. 

j^ y c VR 

In order to connect the Mississippi results with those of 
European and other smaller rivers, we plot, for all the streams 

which may be classed under the same category, the values — =r 

as abscissae and "the corresponding values of — as ordinates. 
Now, in order to satisfy equation (2), those of the resulting 
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—A 



points which correspond to similar slopes should lie in straight 
lines to be produced to the axis of ordinates. As this, how- 
ever, is seldom more than approximately the case, we draw 
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the straight lines so as to average, as nearly as possible, the 
points for each slope. 

We of course obtain as many straight lines (Fig. 17) as 
there are degrees of slope in the experiments chosen. We 
have shown that these lines may be so drawn as to intersect 
each other in a single point, as indicated in the figure: 

The values — thus obtained determine the centers of the 

y 

hyperbolae corresponding to the several slopes ; and the 

ordinate — of the intersection K is common to all the lines. 
c 

If J is the abscissa of the intersection, and k its ordinate, we 
have, from equation (2), 

^=J + ^7 (3) 

and 

X = kly — /. 

The ordinate k varies only with the roughness of the wetted 
perimeter and hence is constant for all slopes. We may con- 
sider k -^ J or ^/ as a tangent and therefore put kl = n^ from 
which we have 

x^ny-L (4) 

If we plot the reciprocals (-^1 of the given slopes as ab- 
scissae, and the corresponding values of y, obtained graphically 
from the above figure, as ordinates, as in Fig. 18, then, in order 
to express the variation of c with the variation of the slope in 
the formula, as explained in our treatise, we draw a straight 
line as nearly as practicable through the points obtained, and 
extend it to the axis of ordinates. The equation of this line 
has the form 
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7=f^-^-S 



(5) 



in which nt is the tangent of the angle formed between the 
straight line and the axis of abscissae, and y^ is the distance of 






^- 




the axis of abscissae from the intersection of the straight line 
with the axis of ordinates. Since -^, at the origin of the axis of 

abscissae, is = o, y, corresponds to a slope S = oo . The varia- 
tion of c with variation of slope may therefore be expressed 

in the general equation c = = by substituting, in accord- 

ance with (5) and (4), ^, + -^ for^, and wfy, + -= 1 — / for x, 
thus: 



c = 






1 + 



«(..+5)-/' 



(6> 



SR 
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n and j, varying with the roughness of the wetted perimeter, 
while the other coefficients are constant. In order to express 
the mutual variation of n and /„ we observe that, according to 
Bazin, x generally diminishes with increase of j,. Hence, in 
order that x in equation (6) may diminish when y^ increases, 
n must evidently decrease with x. Therefore the relation be- 
tween ;r, n and y^ is most simply expressed by 

in which (for any given value of n) x^ is the value of x for the 
case where 5 = oo , and « is a constant ; and from which, 

by (4), 

an = «/, — /; 

and thus 

^1 = - + ^ (7) 

Substituting this value for y^ in equations (5) and (4), we 
have 

^ = ^+« + 5 (8) 



and 



or 



;ir = / + «;? + ("c )^ "" ' 



and we thus obtain, for equation (i). 



C = ; ^ > (10) 



I / , ni\ n 



in which equation n expresses the degree of roughness of 
wetted perimeter, and is variable, while a, I and tn are con- 
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stant coefficients. By means of the graphic process indicated 
by the above figures, we obtain 

/= I.OO, 

« = 0.027 for the Mississippi, etc., 
w = 0.00155, 

:6o- 



a =/, - 



0.027 



= 23. 



The foregoing values are for metric measures, in which t 
formula is 



'3 + ^+-^^ 



sTrS. 



(") 



. General remarks on the coefficient of roug'tiness n.* 

We remarked in our treatise that the coefficient n must in- 
dicate not only the roughness of the material of the sides and 
bottom of the channel, but also irregularities of profile, and, 
generally, the conditions causing retardation of flow. The 
correctness of this view lias been fully established. 

Even in comparatively regular reaches of a river, the 
position of the point of greatest depth often changes, being 
found alternately near the left and near the right bank. This 
necessarily produces lateral movements of the water, which, in 
combining with the forward movements due to. the general 
slope, cause increased resistances among the particles of water, 
and increased retardation of fiow.f 



* See also Art. 2q and Appendix 
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This and many other causes, such as the degree of turbidity 
of the water, eddies rising from the bottom, in short all causes 
of retardation of flow, as well as mere roughness of wetted sur- 
face, are covered by our n. 

The variation of this coefficient in one and the same section 
of a channel has already been observed by Mr. Grebenau in the 
Rhine at Germersheim; and it has since appeared still more 
unmistakably from Mr. R. Gordon's gaugings of the Irawadi 
in Burmah. In this case n decreased as the depth increased; 
thus: 



R = 6.393 to 13-047: 
n = 0.045 to 0.029. 



^^T No such variation was observed in the case of the Missis- 
1 sippi ;* but we have already shown in our treatise that, with a 
constant degree of roughness of wetted perimeter, the effect of 
such roughness is very marked in the smallest streams, such as 
M. Bazin's experimental canals, and is barely if at all perceptible 
in very large ones, such as the Mississippi. On the Irawadi 
the coefficient « of roughness decreases as the depth increases, 
and we may assume that if ^ = 00 the coefficient n would be 
zero. 

At any rate, this decrease of n with increase of depth is not 
a surprising phenomenon. 



41. Developiaent of a second general furmula.f 

With regard to the variation of c with variation of slope in 
small channels, namely, a decrease of c with decrease of slope 
when R < i-oo", we would observe that this variation was 
noticed chiefly in the wooden channels of Bazin, in which, how- 
ever, there appeared also a number of cases of opposite char- 
acter, namely, an increase of c with decrease of slope, as in large 
streams. The variations were not great, and Bazin neglected 
them in his formula because they seemed contradictory. In 



• Later gaugings do show ihis variation. See Tabic I. — Trans. 
\ For a tbiid lormula. by the same authors, see Appendix VI. 
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' our {ormula, the increase of £ with increase of slope when 
a < :.oo"' is less than in M. Bazin's wooden channels. 

If, in view of this contradiction between the results of M. 
Bazin's experiments as to the effect of slope, and, considering 
the smallncsa of that effect in small channels, we prefer to 
omit it and to show only the effect of slope in large streams, 
wc obtain a different formula deduced as follows: 
As in the foregoing, let 



'+'. 



(■) 



(2> 



Let U9 take the observations in the Mississippi and on 
other streams of similar character as to the bed of the channel, 

pint the obscrvi^d valui 



upending values of - as ordinates, draw straight lines averaging 

>1H nearly as possible those points which correspond to similar 
slopeii, and produce them to the axis of ordinates. We thus 
obtain iis many straight lines as there are slopes. 

As but few comparable results of this Icind exist, and as the 
points .so obtained are widely scattered, it might be claimed 
that these straight lines may properly be drawn so that they 
shall not intersect at all,* but be parallel to each other, as in 
Fig. 19. 



Under this assumption, the tangent — of the angle between 

the straight lines and the axis of abscissas remains the same 
for each category of roughness of wetted perimeter, even if y 
varies. We accordingly designate this tangent « and thus 
obtain, from (i), 
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Plotting as ordinates the values y corresponding to the 
several slopes and given by the above figure, and as abscissa: 




the values -^, and joining by a straight line the points so found, 

we obtain for this line, as in the case of the first formula. Fig. 
18, the equation 

}' = y. + 1 « 

In plotting this straight line we obtain the values of /, and 
of -^. Substituting them in the general formula, we have 

.... (5) 



y, + -, 



(<« 



(6) 



■ + U.+ 



Sl'iR 
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This formula shows an increase of c with decrease of slope, 
and a variation of ^j and n with that of roughness of the wetted 
perimeter. 

The relation between y^ and «, according to which x^ de- 
creases when ^, increases, may be most simply expressed thus : 



^xVx = ^; 



from which 







a 




X, 




a 


9 


n 


— 


y^ 


9 



■• = \/?- 



Substituting this value for _y, in equations (5) and (6), we 
find 

(7) 



and 



I 




• , 


;/ 


c 


yl 


+5 


VR 


^ 




v^+ 


m 
S 


c 


1 + 


(v^+ 


m^ n 
^) VR 



(8) 



In this equation also, n expresses the degree of roughness* 
of the wetted perimeter, while a and m are constant co- 
efficients. By means of the graphic process indicated above, 
we find, for metric measure, 

m = 0.000719, 
a = 150.66, 



* The numerical values of n in this second formula of course differ from 
those in the first one. — Trans. 
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arid thus obtain a second general formula : 



/ i 50.66 , 0.000719 

"=1 T-r=s—^:iz:r~r-r\'f^- ■ (9) 



(/? 



I + // -3^-66 J 0.0007 




This second formula assumes that the effect of slope in 
small streams is the same as in large ones, namely, an increase 
of c with decrease of slope ; but it is nevertheles, as we see, too 
complicated for convenient every-day use. We have therefore 
represented it graphically for that purpose, and have included 
a diagram (Plate VII), that the reader may use either this or 
Plate VI (representing our first formula) as his judgment may 
dictate. 

We have not as yet found reason to modify our first 
formula.* Still, we must not neglect to say that it contains a 
variation of the coefficient c which js open to some doubt, 
namely, a rapid decrease of c with decrease of slope in small 
channels with very smooth sides. Since, however, we are not 
in possession of experimental data for such channels with very 
light slopes, we are unable to investigate as to whether our 
misgivings are well founded.f 



* Mr. Ganguillet writes (September, i8S8) that he has made careful com- 
parisons and finds that the second formula agrees less well with the gaugings 
than the first one. 

f The authors here add some remarks, with a table and diagram, to show 
that the recent formulae of Hagen, viz., 

V — ^.^ R ^ S iox small streams, 
and 

V = 3.34 ^~R %/5 for large streams, 

are absolutely useless as general formulae, because they give tor streams with 
great slopes only J- to J of the measured velocities, and for others a proportion- 
ately great error. Believing that this negative discussion can be of little inter- 
est to our readers, we have omitted it from the present work. — Trans, 
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APPENDICES. 



I. 

JLimitations of the formula.* 

Naturally our formula cannot apply to cases or conditions 
beyond the limits of existing gaugings and, still less, beyond 
possibilities. While it is true that the formula might give im- 
possible velocities for a channel ten times larger than the Mis- 
sissippi, with a fall almost infinitely small and with a bed hav- 
ing the highest degree of smoothness, yet this does not 
invalidate it, because such conditions nowhere occur. The 
formula rests only upon actual gaugings, and (which is most 
important) it embraces all maximum and minimum conditions 
known up to the present time.\ Being an empirical formula, it 
is confined to the limits occurring in nature and makes no 
claim whatever to absolute perfection. 

In spite of the large number of available gaugings, it cannot 
be denied that our knowledge of the elements and laws of the 
motion of water still needs extension and correction. It is 
therefore of the greatest importance to increase the collection 
of gaugings, and particularly is it highly desirable to have more 
reliable observations on large streams, such as the Amazon, 
etc., and likewise on very large and very small artificial 
channels. 



* From " Bewegung des Wassers in CanSIen und FlUssen," by W. R. Kutter. 
1885. 

fin the authors* collection of gaugings, c varies from 12. i to 254.3 (Eng- 
lish measure), and the width of the water surfaces ranges from 4 inches to 

2740 feet. 
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Oeneral laws. Examples.* 

The general laws for the variation of the coefficient i, in the 
general formula v = c ^^RS, are as follows : 

C increases : 

I. With the increase of t/ie hydraulic depth R, and most 
rapidly when R is small. 

II. With the decrease of the resistatue to flow, i.e., with the 
decrease of roughness of the perimeter, so that for constant 
values of R and 5, c is greatest for the smoothest channel and 
smallest for the roughest channel, such as a mountain stream. 
This influence of roughness upon c is also greatest for the 
smallest value of R. 

III. With the decrease of S, if R > \ meter, and also in 
small channels if the wetted perimeter is very rough in com- 
parison with the area of the cross-section. 

IV. With the increase of S, if R < i meter, and if the 
wetted perimeter is smooth.+ 



• Ftoni " Bewegung des Wassers in CanSlen und FlBssen." by W. R, KuHcr. 

iB6j. 

f The seeming paradox, according to which Ihe coeSdent e has ccrlaia 
' opposite variations nith the slope, may be explained as follows : 

Thelargerthewaler-ivay, the less will the direction of ihc movement of each 
panicle of water be confined lo that of the general current. In rivers we ob- 
serve innumerable lateral currents and eddies, due both to a higher elevation 
of the water surface in the current and to natural irregularities of the bed. But 
in small channels with smooth beds there is less cause for such irregular move- 
menls. The larger the channel, therefore, the greater is the head consumed 
by these perturbations, and the smaller is the available slope left to generate 
the mean velocity in the cross-section , 

In rivers this loss will increase with the velocity or slope, because the con- 
ditions for quiet motion become less favorable, the water is more agitated and 
stronger lateral movements are produced, culminating in surface disturbances 
and eddies which retard the Sow. A similar effect will appear also in small 
chaaneU when the perimeter is very rough. 

Therefore, in lat^ ckanntls, and in such small ones as have a very rough 
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In confirmation of the above principles we select the fol- 
lowing interesting examples, all given in metric measure : 

1. A comparison of Bazin's series Nos. 24 and 25, referring 
to semicircular channels in smooth cement, both having the 
same slope (5= 0.0014) for the same values of R {R = about 
0.1 to 0.3), shows a decrease in the values of c of about 7, sim- 
ply because in series No. 25 the cement-mortar contained ^ 
very fine river sand. 

2. In Bazin's rectangular channels, 2 meters wide and lined 
with boards, there is a considerable increase in the values of Cy 
for the same values of R, with the increase of the slope S. 
The average differences are : 

a. Between series No. 7 (5 = 0.005) ^"d No. 1 1 (5 = 0.008) 

2.5 to 7.0. 

b. Between series No. 7 (5 = 0.005) and No. 9 (5 = 0.015) 

4.0 to 70. 

c. Between series No. 9 (5 = 0.0015) and No. 1 1 (5 = 0.008) 

8.0 to I I.e. 

When, in these channels, obstructions or resistances to the 
flow are introduced, such as laths nailed across the channel at 
short distances apart, or a lining of small or large pebbles held in 
place by cement, then the variation of c with the slope changes 
to the contrary, i.e., c increases with the decrease of 5". (Of 
course c increases also with the decrease in the size of the ob- 
structions.) In the case of laths nailed crosswise, o.oi meter 
apart, we find an increase of c with decrease of 5 (5 = 0.0090 

perimeter, the coefficient c should be expected relatively to increase with the 
decrease of slope. 

On the other hand, in small and smooth channels, the loss of head due to 
lateral movements will decrease as the velocity or the slope increases, because 
such movements become less and less possible in a more rapid and confined 
current. 

Therefore, in small channels, with smooth perimeter, the coefficient c should 
tend to increase with the increase of slope. 

There are, however, exceptions to this contrary variation, and it is, further- 
more, likely that the value /, instead of being a constant ^ 4/1 meter, itself 
varies with the degree of roughness. — R. H. 
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to 0.0015), amounting, however, only to a diHerence of 0.5 to 
1.0, for the same values of R. If the spaces between the 
laths are increased to O.05 meter, the differences of c increase 
to I.O and 2.0. 

The degree of roughness has even a greater effect upon e 
than that of the slope, just described. For the two cases, when 
the laths arc 0.01 meter and 0.05 meter apart, and R and S 
remain the same, the differences of c increase up to 16.0. 
When the pebbles of the cemented gravel vary from cot to 
0.02 meter in diameter in one case, and from 0.03 to O-05 
meter in the other, and R and S remain the same in both in- 
stances, the differences o( c increase to 8.0 and 10.5- 

In comparing the gaugings of channels lined with boards 
with others having a greater degree of roughness, the following 
differences were found, for equal values of R and S: 

(i) Channels with laths nailed crosswise, 0.01 meter apart : 
Jj = o.ooi 5, difference of c : 9.7 
= 0.0059, " " 13.7 

= 0.0085, " " 16.9 

(2) Channels with laths nailed crosswise, 0.05 meter apart: 

5 = 0.0015, difference of c: 23.9 
= 0.0059, " " 28.4 

= 0.0085, " " 30.6 

(3) Channels lined with pebbles o.oi to 0.02 meter in diam- 
eter, cemented to the perimeter: 

5 = 0.0015, difference of c: 12,4 
= 0.0049, " " i9'6 

(4) Channels lined with pebbles 0.03 to 0.05 meter in diam- 
eter, cemented to the perimeter : 

5 = 0.0049, difference of c: 

It is observed that these differences of c increase with 5"; 
which signifies that the degree of roughness exercises a greater 
influence in retarding the flow, the more the slope is increased. 
It is also seen how great an effect even a very insignificant 



GENERAL LA WS— EXAMPLES. IO9 

variation of roughness has, in small channels, upon the variation 
of ^, and therefore upon the velocity. 

3. In channels of brick and smooth ashlar masonry (Bazin) 
there is likewise an increase of c with an increase of 5, for 
the same values of R, but in a less degree than in channels 
lined with boards. 

4. The same phenomenon was observed also in channels of 
rubble masonry (Bazin). 

5. In a very small channel of carefully planed boards, rect- 
angular, and only o. 10 meter wide and about 20 meters long 
(Bazin, series Nos. 28 and 29) c increases, yj?r the same values 
of R, with the increase of 5. But after lining the same with 
canvas (series Nos. 30 and 31), c increases with the decrease of 5. 

The average differences of c for the same value ofR are : 

a. Between series Nos. 29 and 31 (5 = 0.015), 29.0 to 30.0. 

b. Between series Nos. 28 and 30 {S = 0.005 and 0.008)^ 

20.0. 

c. Between series Nos. 28 and 29, very smooth surface 

(5= 0.005 and 0.015), 7.0. 

d. Between series Nos. 30 and 31, coarse canvas lining 

{S = 0.008 and 0.015), 3.0 to 4.5. 

In the cases of a and ^, the great differences of c result 
solely from the character (roughness) of the wetted perimeter ; 
in the cases c and d, solely from the change of slope. 

If, in the case of the small channel mentioned above (Series 
28 to 31), the values of c are plotted as ordinates, and the very 
small values of R as abscissae, the resulting curves, when com- 
pared with the corresponding plottings for larger channels, 
clearly indicate the position of the origin of co-ordinates, and 
confirm the proposition that c varies most rapidly for the 
smallest values of R. 

6. It was noticed, in general, that the semicircular form of 
section in artificial channels gave higher velocities than the rect- 
angular form. For instance, in Bazin's channels lined with 
boards (i? = 0.1 to 0.3 meter and 5=0.0015) the values of c 
were from 3.5 to 6.2 higher in the semicircular than in the rect- 
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angular sccXkonAor th^ same vaimn of R and S and for the same 
degree of roughnesi. 

The effect upon e of difference in fonii between different 
angular sections is ver>' slight, if at all noticeable. 

7. Finally, the gaugings of M, Baztn show a slight variation 
of the coefficient n with that of R, mainly an increase of n with 
an increase of R, sometimes, however, the reverse effect, but to a 
less de^ee; while in the Irawadi River in India this latter 
result is very marked. 

I 

Coneemlng the eoeffleient of roughness «.* 

The coefficient of resistance or roughness (n) can be found 
only by consulting cases where analogous physical conditions 
prevail, and for which its value has already been ascertained. 
In doing this, we must consider the effect of future contingen- 
cies upon the condition of the channel in question, such as the 
washing-in of detritus, the growth of aquatic plants, breaking 
down of the shores, building of dams, etc. : and it is therefore 
recommended to choose a value of 11 rather too large than too 
small. To aid in selecting the proper coefficient, we have 
appended a collection of reliable gaugings.t The values of n 
were generally obtained by using our diagram, but in impor- 
tant cases they were computed by the formula, which, reduced 
to n, reads : 



-^'^y-^-^-t^^-- 



in which R — me, 

^ = "+1 

S = slope. 



^+4 
1 radius, 



velocity 



• From " Bewegung des Wassers," etc. Seu also Arts. 29 and 40. 
\ See Table I, which covers a much larger field and has been made 
useful for reference than Lhe original Table. — Trans. 




CONCERNING THE COEFFICIENT OF ROUGHNESS n. Ill 

^ = 23 ifor metric and 4i,6for English measure, 
w =0.00155 " ** 0.00281 " 
/= I for " " 1.811 for " 
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To show the effect of the degree of roughness ot the wetted 
perimeter upon the mean velocity, Mr. Kutter compiled the fol- 
lowing Table from Bazin's gaugings in rectangular channels 
having the same width, depth, and slope, but differing in the 
roughness of the bed and sides, i.e., as regards the value n : 



4 i 



«( 



7. 

" 18. 

3. 
4. 



t < 



4 * 



44 
4< 



4( 



«i 
(( 
4( 
(( 
<l 

«< 



4< 

(4 
«( 
(4 
44 



(4 



* boards. 
( 44 



First Case. — -^ = 0.200; 5=0.005. 

1. Series No. 2. Bottom and sides of cement, smoothed with trowel. ,v 

2. •* " 22. 

3. 

4. 

5. 
6. 

7. " " 5. 



«< 



* brick 

lined with pebbles from o.oi to 
0.02 meter in diameter 

lined with pebbles from 0.03 to 
0.05 meter in diameter 



2.397 
2 089 

2.045 

1. 981 

1.874 

1.350 
1.086 



Thus, with the same width, depth, and slope, we find a 
difference of 1.3 1 1 meters per second in the velocity. 



Second Case. — ^ = 0.250; 5=0.0015. 



2. 

3. 
4. 

5 



6. 



7. 



(4 



44 



4< 
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12. 



15. 



I. Series No. 24. Bottom and sides of cement, smoothed with trowel. z^ = 1.562 

25. '* " *• ** ** with one third fine sand 1.463 

26. •* ** ** *' boards 1.297 

9. ** *' ** " " i.234 

21. " *' ** ** '* 1.228 



K 



« 



« 



boards, with laths 0.027 meter 
wide, nailed crosswise o.oi 

meter apart 1.014 

** boards, with laths 0.027 meter 
wide, nailed crosswise 0.05 
meter apart 0.674 



This shows a difference of 0.888 meter per second in the 
velocity, with the same width, depth, and slope. 
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IV. 

To compute the velocity from the formula.* 

We give below an example of the practical application of 
the formula, indicating incidentally the great advantage of 
using the diagram (Plate VIII) for this purpose. 
By measurement it was found that 

area of cross-section :^ 20,074 square feet, 
wet perimeter = 1686 feet, 

mean radius, 

Slope, S, 



perimeter 
= 0.000040393. 



¥ 

¥ 



To compute the mean velocity v from the formula, it is first 
necessary to examine the values that have been found for the 
coefficient of roughness n in sEmiiar streams, and then to assume 
■ one which will as nearly as practicable cover the case in 
question, always preferring a value rather too high than too 
low. Suppose this examination has led to the selection of a 
mean value of « = 0,025 (rivers and canals with regular channel). 

Substituting these values in the formula, we have : 



7 + 41.6- 



0.00281 



i+U'-6+ 



0.000040393' Vii.88' 



V* 1 1 .88 X 0.00Q040393. 



First, we compute the value within the large parenthesis 
(f, in the formula v = c VRS). 
We add, for the numerator : 




TO COMPUTE THE VELOCITY FROM THE FORMULA. II3 

2. The second term =41.6 

3. log. 0.00281 = 7.4487063 
— log. 0.000040393 = — 5.6063061 



1.8424002 = 69.565 
Giving the numerator the value 183.605 

For the denominator we first add the second and third 
terms of the numerator, viz., 

41.6 + 69.565 = 1 1 1. 165, 
and take out the log. of 1 1 1.165 = 2.0459681 

Then we find^ 

log. 0.025 = 8.3979400 
— \ log. 1 1.88 = — 0.5374082 

7.8605318 = 7.8605318 

The log. of the product of the two 
factors therefore is 9.9064999 

The numerical value of which is = 0.8063 1 
Add to this i. 00000 



and we have the denominator = i .80631 

Therefore c = t\ = 101.64 * 

1.8063 1 ^ 

Now we find for the factor VRS 

log. R ( 1 1.88) = 1. 0748 1 64 

log. 5 (0.000040393) = 5.6063061 

6.681 1225 

Of this we take i, and find 

VRS = 0.21906 

* With the diagram this value of c may be found in less than half a minute. 
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Tbe compnted mean Tclodty is, tbetef oce, 

V = ioij&( X Oboa 1906 = 2-23 fggt- 

Tbe measored mean veJodty in tbe Danube at Szob in 
Hnng3i>', which is tbe case covered by the above example, is 
2.25 feet, making a dLSereiice of ccxz feet, which is due to our 
assuming tbe value of ■ a little too high. In order to obtain 
the velocity 2.25 feet we should have assumed 1(^0.247 
instead of ox>23o. 



Construction of tbe Diagram, Plat« Vlll. 

Scales of 3 inches = i for the abscissae and 0.4 foot = loo for 
the ordinate? will be found convenient. 

Multiply values of n from 0.008 to 0.025 by 2CX3, and lay 
off the products upon a horizontal line ^drawn through the 
'ordinate 200 from the vertical line at t'^=i.Sii in the axis 
of abscissa. (See Fig. 20.) 

Multiply values of n from 0,025 ^^ 0,050 by 100, and lay off 
these products upon a horizontal qs drawn through the or- 
dinate 100 from the same vertical line. 

From the point >fR= i.Sli in the axis of abscissae draw 
the « lines through the points Just laid off. 

For drawing the slope curves, find from Table III the values 
of X and / for each curve and for each value of 

Points for the slope curves are found at the intersections of 
the radial n lines with the vertical lines corresponding to the 
values of x, or with the horizontal lines corresponding to the 
values of y. 

A slight addition to the diagram will render it further useful 
in finding the relation of mean to maximum velocities, if the 
coefficient c is known, {See Appendix VII and Plate VIII.) 

The scale of c upon the axis of ordinates is retained, and 
the graduation of the axis of abscissae between the values o and 
1.0 is used as the scale for the ratios 



J 



CONSTRUCTION OF THE DIAGRAM, PLAT£ VIII. US 

From the point VR = I, plot — c (minus c) = 25.4 for Eng- 
lish measure, as shown. Uniting this point with any value of 




Aocis qf!Ab8ci88ce 

JScale 0/ X =|(ff — 4^^ ikale of |(r 



Fig. 20. 



c on the axis of ordinates by a straight line, the corresponding 



V 



values of may be read off directly from the scale of ab- 



V. 



www9^i^^ 



scissae. 
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Another addition to Kutter's diagram, proposed by Mr, 
llcring,* enables us to read the velocity from the diagram.+ 
Find the square root ol the reciprocal of each slope 




to be embraced in the diagram - 



y slope per unit of length 
Lay off these square roots on the axis oy of ordinates, usin^ 
the scale of c already laid off upon it. In our figure we have so 



proportioned the two scales that 
ing points with the slopes S. 






~ . Mark the divid- 



•Tranaaclion!" of ihe American Suciety ot Civil Engioeers. Januaty 1879. 
tSce Trauiwine^s Civil Engineer's Pockelljook, p 371)* (1888). 



CONSTRUCTION OF THE DIAGRAM, PLATE VIII. 11/ 

On oz lay off the velocities to be embraced in the diagram, 

using the scale of square roots of R already laid off on oz^ 

, , . velocity c 

and makmg 



VR 



/ 



1st. Having R, 5, and n\ to find v. For example, let R = 
20 ft., 5 = .00005, n = .03. From R = 20 draw rf-20 to the 
intersection d of curve .00005 with radial line n = .03. Then 
^-20 cuts oy at e, where c = 96. With a parallel ruler join 
R = 20 with 5 = .00005 on oy. Draw a parallel line through 
c =z 96. It cuts oz at m, giving the required velocity 3.03 ft. 
per second. 

2d. Having R, S, and v ; to find n. For example, let R = 
20 ft., 5 = .00005, V = 3.03 ft. per sec. With a parallel ruler 
join R = 20 and slope .00005 on oy. Draw a parallel line 
through V = 3.03. It cuts oy at e, where c = 96. Through 
R = 20 and c = g6y draw ^-20 to cut curve .00005. The point 
d of intersection, being on radial Hne n = .03, shows .03 to be 
the proper value of n. 

3d. Having S, n, and v ; to find R. For example, let 5 = 
.00005, ^ = '03, ^ = 3.03 ft. per sec. Assume a value of R, say 
10 ft. Find curve .00005 and radial line n = .03. Join their 
intersection rf with i? = 10 ft. The connecting line cuts oy at 
c = 82. With a parallel ruler join ^ = 82 with v = 3.03. 
Draw a parallel line through slope = .00005 on oy. It cuts oz 
at i? = 27.3, showing that a new trial is necessary, and with an 
assumed R greater than 10 ft. If R thus found is the same as 
the assumed one, the latter is correct. 

4th. Having Ry «, and v ; to find S. For example, let R = 
20 ft., n = .03, V = 3.03 ft. per sec. Assume a slope (say .0001). 
Find its curve, and radial line n = .03. Join their intersection 
with R = 20, and note the value (89) of c where the connecting 
line cuts oy. With a parallel ruler join ^ = 89 with v = 3.03. 
Draw a parallel line through i? = 20. It cuts oy at slope 
.000058, showing that a new trial is necessary, and with an 
assumed S flatter than .0001. If R is 3.28 ft. or i meter, the 
diagram gives the correct 5 at the first trial, no matter what 5 
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was assumed at starting. With any other R, if the diagram 
gives the same 5 as that assumed, the latter is correct. 



A modification of Bazln's formula. 

A series of coefficients obtained directly from actual gaug- 
ings of different channels are much more valuable to the prac- 
tical engineer than coefficients representing general averages 
from wide ranges, because the exactness of the former depends 
solely upon the correctness of the gaugtngs, while that of the 
latter depends greatly upon judgment. 

Holding this view, Kutter* divided the coefficients of 
Bazin's formula into twelve classes instead of four, believing 
that the latter are both too few in number and placed at inter- 
vals far too large. As the original formula has the disadvan- 
tage of two variable coefficients, he further improved it by 
reducing them to one. 

As published in 1871, the Bazin formula thus modified 
reads. 



c>/RS, and 



ab 



^/R^b 



in which for English measure a = iSi and li is a coefficient 
varying between 0.22 for very smooth channels, and 4^ for 
streams carrying detritus and coarse gravel. 

Mr, Kutter appends a table of actual gaugings, giving both 
the coefficient of the class to which it belongs and the amount 
of deviation from that coefficient in each case. But as this 
formula is hardly likely to come into general use, we do not 
reproduce the table, but simply give his list of the twelve 
classes, with the values of the variable coefficient b, adding a 
description of the nature of the channel to which they re- 
spectively refer, condensed from the above-mentioned table. 



ti 



u 
a 

a 

it 
u 
it 
a 

li 
ii 
a 
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Class I, d = 0.22. Well planed planks in rectangular sec- 
tion, and neat cement in semicircular 
section. 
II, d = 0.27. Neat cement in rectangular section, and 

with one third sand in semicircular 
section. 

III, d = 0.36. Unplaned planks, semicircular section. 

IV, 6 = 0.49. Same, rectangular and triangular sec- 
tions. 

V, ^ = 0.63. Smooth ashlar and brickwork. 
VI, d = 0.81. Good rubble masonry. 
VII, 6 = i.oi. Dry rubble masonry. 
VIII, 6 = 1.30. Dry rubble in bad condition. 
IX, d = 1.68. Masonry side walls and earth beds, also 

small channels in earth. 
X, ^ = 2.21. Canals and brooks with uniform section. 
XI, i = 3.02. Canals and rivers in alluvial ground. 
XII, d = 4.42. Creeks and rivers carrying detritus and 

coarse gravel. 

VII. 

To find the mean from the surface or maximum yelocities. 

When it is practicable to measure only the surface or maxi- 
mum velocities, the following ratios or coefficients serve to 
determine the mean velocity : 

I. According to Prony. 

V = v^ax ; ' for English measure, 

Vn^ax + 10.34 ^ 

in which v is the mean and v^ax the maximum velocity meas- 
ured at the surface. 

2. According to Humphreys and Abbot, 

Humphreys and Abbot give for the variation of the velocity 
in the vertical plane the formula 
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-V^ 



' ±d.^d^^ y 



in which Vi is the velocity at the depth d^ ; v„^ is the greatest 
velocity in the vertical plane found to be at the depth d„^\ 
s the mean velocity in the cross-section of the river; D is the 
total depth of the water; ^ is a coefficient which is ;= 0.1856 
for English measure, when /J > 30 feet. For less values b is 

i.6g 



more accurately = 



t/£l+I.S 



3. According to Basin. 
Bazin's formula for the variation of the velocity in a vertical 
plane is 



= ""max 



lindrf,) 



in which, in addition to the notation under 2, n is a coefficient 
= 20.1 for metric and 36.3 for English measure. R is the mean 
radius and i' the slope, as elsewhere. 

This formula applies only when the maximum velocity is 

near the surface, i.e., when </_., < 0.2D and when varies 

between 0.80 and 0.90, but agrees well with the author's own 
gaugings and with those made by others on the Saone, Seine, 
and Garonne. 

From sixty-one series of gaugings Bazin deduced the ratio 
between maximum and mean velocities with reference to the 
character of the channel, and found v,„,^ = V'\- 14 VRS, metric 
measure. From this he deduced 



I + Hl/^ 



sv = c VRS, and therefore 



u 
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in metric measure, 



in English measure. 



V 



V. 



max 



V 



' c 



V. 



mojc 



1 + 



25.4 



As this is the equation of an equilateral hyperbola, a very 



V 



simple means of finding the values is obtained, by apply 



V 



max 



ing this equation to the graphical representation of the new 
general formula. (See Appendix V, p. 114.) 
A series of these values is given below.^ 

VALUES OF THE RATIO -^ { ""'^" velocity _V 

Vmax ^maximum velociiy/ 

to be used in obtaining mean velocities from maximum velocities when the 
value of the coefficient c in the formula v=zc ^/iS is given. 





V 




7' 




V 




V 


c 


Vm 


C 


Vm 


C 


I'm 


c 


Vm 


2 


0.06 


46 


0.64 


90 


78 


134 


0.84 


4 


0.13 


48 


0.65 


92 


0.78 


136 


0.84 


6 


0.19 


50 


0.66 


94 


0.79 


138 


0.84 


8 


0.24 


52 


0.67 


96 


0.79 


140 


0.84 


10 


0.29 


54 


0.68 


98 


0.79 


142 


0.85 


12 


0.32 


56 


0.69 


100 


0.80 


144 


0.85 


14 


0.36 


58 


0.69 


102 


0.80 


146 


0.85 


16 


0.39 


60 


0.70 


104 


0.80 


148 


0.85 


18 


0.42 


62 


0.71 


106 


0.81 


150 


0.85 


20 


0.44 


64 


0.72 


108 


0.81 


155 


0.86 


22 


0.46 


66 


0.72 


no 


0.81 


160 


0.86 


24 


0.48 


68 


0.73 


112 


0.81 


165 


0.87 


26 


0.50 


70 


0.73 


114 


0.82 


170 


0.87 • 


28 


0.52 


72 


0.74 


116 


0.82 


175 


0.88 


30 


0.54 


74 


0.74 


118 


0.82 


180 


0.88 


32 


0.56 


76 


0.75 


120 


^.82 


185 


0.88 


34 


0.57 


78 


0.75 


122 


0.83 


190 


0.88 


36 


0.59 


80 


0.76 


124 


0.83 


195 


0.89 


38 


0.60 


82 


0.76 


126 


83 


200 


0.89 


40 


0.61 


84 


0.77 


128 


0.83 






42 


62 


86 


0.77 


130 


0.83 






44 


0.63 


88 


0.77 


132 


0.84 







*From **Bewegung des Wassers," etc., p. 134. 
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For the case when the values of the mean radius R and the 

' degree of roughness « are given, instead of those for c, 

Mr. Kutter has appended the following table,* deduced from 

Bazin's experiments, for directly obtaining a value for the rela- 

, V 
tion of ■ 

Given, for instance, the maximum velocity of the surface, 
»«inj:= 3.46 feet, and R = 0.58 feet, with « = 0.025, 'we take 
0.62 + 0.5! 



from the table 
velocity v = 2.46 X O.60 



= 0.60, and obtain for the mean 
1.48 feet. 



VALUES OF THE RATIO - 
le used in obtaining mean velocities dire 
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• From " Bewegung des Was 
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VELOCITIES DESTROYING BED, 1 23 

4. According to Sundry Aut/tors. 

VALUES OF THE RELATION -^ ( ""'n v'-l°<=ity \ 

Vm<w \maximum surface velocity/ 

Belgrand, for the Seine (?) 0.62 

Destrem, for the Neva 0.78 

Baumgftrtaer, for the Garonne 0.80 

De Prony, for small wooden channels 0.82 

Boileau, for canals 0.82 

Cunningham, for the Solani Aqueduct 0.82 

Bazin, for small channels 0.83 

Swiss Engineers 0.84 

Brunnings, for rivers 0.85 

Humphreys and Abbot, for the Mississippi (mean) 0.79 to 0.82 

'* Ohio 0.78 •* 0.80 

" •' Yazoo 0.66 •* 0.84 

" *' Bayou Plaquemine 0.83**0.85 

" " *' LaFourche 0.79 ** 0.86 

VIII. 

Velocities beyond which a grraduai destruction of the bed 

will take place.* 

It may be useful to state here at what velocities a stream 
begins to destroy the bed of its channel. 

Dubuat gives the following values. The first column in- 
dicates the velocities (v^ at the bottom ; the second gives the 
mean velocity of the cross-section according to the formula of 
Bazin : 



V = Vi,-\- 6 VRS (meters), 

V =-v^-\- 10.9 VRS (Engl, feet) ; 

or, taking a mean value, i,e,, a constant average coefficient of c 
in the formula v = c VRS, he finds 

V = 1.31 Vi. 



*The data under this head are mainly from Kutter's work on *' Bewejjunjr 
des Wassers," etc. They have been extended and verified, however, from 
other sources. 
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The third column contains the maximum surface velocity, 
Ikewise according to a formula of Ba^in : 

V = v„^ — 14 V as {meters,), 

V = v,^ — 25^ i'R~S (Engl, feet); 



or, taking a mean value. 
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Sand, ihe sue of anise-s«3,»pwifie gtiYiiy = ..jj. 

Oay. loam, and fine sand 

Sand. Ihe si le of peal, specific giariiy = *.;;. 

Common ri.ersind.specificgiavilys J. j6 

Sand, Ihe liie of boms, specmc grsniy = j.jt. , . . 

Rouml prbbiw. i" diami.'spedfic'grBviiy ='3-6^!* 
CoiTSe gravel, nDallcobblalono... 


i'i 










.ji, 



Whether and how far these velocities are reliable, we* have 
not been able to determine; yet they are based upon the 
observations of eminent hydraulicians. The slope is of no con- 
sequence in this matter, but the depth of the water may have 
some influence. For the same character of bed and the same 
velocity, the scouring effect would probably be greater in deep 
than in shallow channels, owing to the greater pressure of the 
water. But thisdifferencewillnot be material, and the velocity 
will always be the main controlling element. The above 
figures appear to us rather too small than too large, and thus 
err on the side of safety. 

Bazalgette found the following velocities to move the 
bodies described : 




VELOCITIES DESTROYING BED. 

Fine clay o. 25 feet per second. 

Sand 0.50 ** 

Coarse sand 0.66 *' 

Fine gravel i . 00 ** 

Pebbles i inch diameter. \ 2.00 ** 

Stones of ^%'g size .... 3 . 00 ** 
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Blackwell showed by experiments made for the British 
Metropolitan Drainage Commission that the specific gravity 
has a marked efTect upon the velocities necessary to move 
bodies, as follows : 



Nature of Bodiks. 



Coal 

Coal 

Brickbat , 

Piece of chalk. ... 

Oolite stone 

Brickbat 

Piece of granite . . . 

Brickbat , 

Piece of chalk. . . . , 

Piece of flint , 

Piece of limestone 




Velocity in feet per 
second. 



1.25 to 1.50 
1.50 ** 1.75 



1-75 



i( 



>( 



2.00 



2.00 '• 2.25 



i« 



2.25 •• 2.50 
2.50 •• 2.75 



Chailly has derived the following formula for the velocity 
which is just sufficient to set bodies in motion : 



^ = 3-13 V^ (meters), 

V = 5.67 i/^(Engl. measure) , 



in which a is the average diameter of the body to be moved, 
and g its specific gravity.* 



* From the above experiments of Blackwell, it appears that v varies rather 
more nearly as g than as ^g. 
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L A simple method of ascertalulng the dlscbai^e of rivers. 



BY PROF. A. R. HARLACHER AND H. RICHTER, 



rtFro 



of Proceedings ef the Inslili 
p. 397.] 



! of Civil Engine 



I 



In order to ascertain the discharge of a river by this method, 
a cross-section of it must be surveyed, and the velocity of the 
.current in the same be measured. The velocity may be accu- 
rately observed by a current-meter, and for an exact calculation 
of the discharge must be measured in a sufficient number of 
vertical lines distributed all over the cross-section, and in several 
points of each line from the surface to the bottom. In rivers 
of moderate velocity and depth, such observations can be made 
with comparative facility and promptness; but in more rapid 
rivers, and of greater depth, they require much time and great 
pains. This, of course, also holds goodjn ascertaining the dis- 
charge of rivers of moderate size at the time of flood, when the 
observations are, however, unfavorably influenced by the water 
level being commonly subject to frequent changes, for which 
reason the measurements should then be hurried as much as 
possible. 

In case of the want of requisite measuring-appliances, it is 
expedient to measure the surface-velocity only ; and then, of 
course, the discharge can only be calculated by means of cer- 
tain proportional numbers. 



It is impossible to form a direct estimate of the mean veloc- 
ity at a cross-section by the observed surface-velocities; but 
there is a possibility of calculating the discharge by finding a 
certain relation between the mean velocity v„ in the verticals 
of a cross-section and the surface-velocity v,. For this purpose 

the authors have calculated the proportion p =. -^ for about 

three hundred vertical curves of velocity in twenty-eight meas- 
urements of discharge in Bohemian rivers, and in the Danube 
at Vienna. In all these measurements Harlacher's current- 



uanuoe 1 
current- I 
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meter was used. The mean surface-velocity w«. in a certain 
cross-section was obtained by taking the measured v, in the 
relative points of the level of the water as ordinates, and by 
laying from shore to shore a continuous curve through the 
points thus obtained, and dividing the area enclosed by this 
curve and the level of the water by the width of the latter. In 
the same manner the mean of all the v„ could be obtained. 

From a calculation of all the v„ and v„ for each of the 
twenty-eight measurements, the following values of the propor- 
tion / were obtained : 0.79 once, 0.S2 twice, 0.S3 six times, 0.84 
six times, 0.80 five times, 0.86 once, 0,87 twice, 0.S8 three 
times, o.8g once, and 0.91 once. Supposing the cross-section to 
have been taken, and the velocities to have been measured, on 
calculating the discharge, by the application of the mean value 
of/, a quantity will be obtained varying but very slightly from 
the discharge computed from all the velocities measured in the 
verticals of the section in question. In the different cross- 
sections of the rivers where these surveys were made, the high- 
est velocity varied from 0.60 meter to 3.00 meters per second, 
the greatest depth from 0.80 meter to 8.00 meters, and the 
greatest width from 50 to 420 meters ; the smaller velocities, 
however, we^e measured only in the sections of moderate 
depth. The nature of the bottom was very variable; 'for the 
most part the greatest value of/ occurred with a sandy bottom, 
whereas the smaller values were found with gravel bottoms, the 
gravel being of the size of the fist in bottoms of the roughest 
nature. The proportion/ in rivers not varying much in size, 
velocity, depth and nature of bottom, from the above-men- 
tioned limits, may be taken at 0.S5. 

An almost identical result has been obtained from measure- 
ments of velocity in other places. Thus in two hundred verti- 
cal curves of velocity surveyed by Swiss engineers the mean 
value of/ was found to be O.835. In the measurements taken 
a few years ago in Holland, in the Rhine and its branches, the 
value of / was ascertained to be 0.87, and the probable error 
of that value, ascertained by the application of the method 
of least squares, was proved to be insignificant. 

The authors have used bridges, from which the surface- 
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velocity was measured by an electric current-meter let down on 
a small line. One great advantage in this mode of measure- 
ment is that neither boats nor any other appliances are wanted. 
Of course, only bridges with wide spans, those with iron super- 
structures, are suitable, and a proper position of the piers, lest 
the motion of the water in their vicinity may be affected by 
eddies. 

The velocities having been measured all along the reach of 
the river at a sufficient nunnber of points, i, 2, 3, . , , of the 




#>■ 



section ^C5 between the piers of a bridge, the curve of the 

surf ace- velocity ADB may be drawn. By calculating for the 
single points i, 3, 3, . . . . and for a sufficient number of inter- 
mediate points, to be chosen in accordance with the formation 
of the bottom, the product of the surface-velocity v, by the 
corresponding depth /, and by plotting the values v^ as ordi- 
nates, the points are obtained by which the curves AE, PG, 
and HB, bordering the hatclied surface, are determined. The 
content of these surfaces multiplied by the proportion /> =^0.85 
gives the volume of water passed through the section. The 
authors have taken successfully more than seventy measure- 
ments by the above method in Bohemian rivers, many of them, 
being in the Elbe and the Moldau. 



I 
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TABLES FOR PRACTICAL USE. 



The following Tables will facilitate the use of the Ganguil- 
let and Kutter formula for the uniform flow of water in rivers 
and smaller channels, viz., 



V = 



VRS= f ^^ ] V^ = c VRS, 



■+("+?)^ Wi% 



in which 

V = mean velocity ; 

R = mean hydraulic radius; 

»S = sine of slope ; 

n = coefficient of roughness of perimeter; 

c = coefficient dependent upon slope, mean radius, and 
roughness of perimeter ; 

a, /, ;« = numerical constants ; 
X z=: {a -{- -^j n = ny ^ /. 



From Table I., by consulting cases similar to the one in 
hand, a proper value for n may readily be selected. See Arts. 
29 and 40, also Appendix III, and introduction to the table. 
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In Table II. the values of a - 



- and of — 



S 



i given 



for all practical cases, from which the values of _y and x may 
be easily computed when « and S are known. 

Table III. contains the values of y and oc for a large 
number of values of « and S. 

Table IV. contains approximate values of c for a number 
of values of n and S. 

For the very simple ^apbical method of determining, 
for any case, the coefficient c, or any of the other elements if a 
sufficient number of them are given, see p. 74, and Plate VIII, 
at the end of the book. 

In Table V. are found the equivalents of English 
and metric measures as far as they relate to the flow 
of water. 



TABLE I. 

(Enslish Measure.) 

The following table contains the elements of 
Over 1200 Gauglngs with Deduced Values of n. 

Although the Ganguillet and Kutter formula was elaborated 
from gaugings made in open channels, yet when applied also 
to pipes running full under pressure it gives results that are 
fairly satisfactory ; and as no other general formula for pipes 
offers better services, we have deemed it both useful and inter- 
esting to include in this table a number of such experiments. 
They are given as Class A, while Class B refers to open chan- 
nels and rivers. 

The gaugings are grouped in subdivisions or categories, 
according to the character of the material forming the perim- 
eter or bed, beginning with the smoothest surfaces; and the 
series for each case are arranged in the order of the slopes, or, 
where these are constant or nearly so, in the order of the mean 
radii, beginning in each case with the smallest values. 

The data have been taken directly from original sources as far 
as they were accessible to us. The elements given are : surface 
width, greatest depth, mean radius, slope, velocity, coefficients 
c and «. The number of the series of the gaugings as assumed 
by the respective authors is also frequently given for purposes 
of identification. The nature of the channel and of its perimeter, 
also the method of gauging, are described as fully as the avail- 
able information permitted. It has been difficult, and in many 
cases impossible, to obtain a satisfactory description, and in 
some instances assumptions had to be made for purposes of 
classification. In the categories for rivers and canals there may 
be and probably are some cases which should have been placed 
in the category containing channels with masonry sidewalls or 
paved embankments. Subsequently to the completion of the 
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table it was found that Fanning's experiment with a cement- 
lined pipe and H. Smith, Jr.'s, experiment with the Cherokee 
pipe were erroneously classed as old pipe, instead of as new 
wrought-iron pipe. 

The values of n have been ascertained chiefly from the dia- 
gram, but occasionally by calculation, and they are believed to 
be correct within one or two points in the fourth decimal. 

Ganguillet and Kutter assume the coefficient n to be a con- 
stant quantity, and in their publications give only its average 
value for the gaugings which they quote. It will be noticed, 
however, from our collection, that this coefficient varies slightly 
for the same channel, whether it has small or large dimensions. 
The series being arranged in the order of slopes and mean 
radii, this variation is generally found to possess some regularity, 
and for any given case it is practicable to select the most suit- 
able value for similar conditions with more confidence than if 
averages alone were given. 

It will also be seen from the table, that the variation of the 
coefficient c is not only much greater than that of «, but much 
more complex, owing to the fact that it embodies the com- 
bined effects of several variations, dependent respectively on 
slope, mean radius, roughness of perimeter and configuration 
of channel, etc., so that it would be almost hopeless to attempt 
to arrange the data into series from which satisfactory values 
of c may be directly assumed for a given case. In Ganguillet 
and Kutter's formula the variations of c with slope and mean 
radius have to a large degree been given mathematical expres- 
sion, so that the practical engineer is much better able to 
exercise his judgment, because he is substantially confined to 
the consideration of the character of the perimeter and con- 
figuration of the bed. 

In Articles 29 and 40, and in Appendix III, the nature of 
this coefficient « is fully explained. It covers " not only the 
mere roughness of the surface, but also the irregularities and 
imperfections in the bed of the channel or river;" it includes, 
further, the effect of loss of head or energy, in moving detritus 
or silt along the bed, in shifting the main current or channel 
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from one side of the bed to the other, and in forming eddies or 
other lateral and irregular currents ; in short, it embodies all 
conditions causing retardation of flow, the relative effect of 
which must be left to judgment. 

It should further be borne in mind that n is to some extent 
relative. For the same general nature of the perimeter it de- 
creases as the depth or mean radius increases, because the dis- 
turbances of the current throughout the water-section become 
relatively less, particularly when the channel has a rough or 
irregular perimeter. On the other hand, in streams carrying 
pebbles or coarse detritus n is comparatively small for a low 
stage and slight velocity, but larger for a higher velocity which 
is capable of moving the pebbles along the bed, and which con- 
sequently consumes more energy. During the rising and fall- 
ing of a river having the same character of bed, the same slope 
and mean radius, the velocities often differ, in which case n alone 
can embody the corresponding variation. A change of slope 
in the channel causes an acceleration and retardation of the 
velocity for some distance above and below, which must also 
change the value of n at such points from that which it would 
have for a uniform slope. 

In very smooth and regular channels or pipes n decreases 
as the slope increases if the course is straight and if there are 
no obstructions, but increases with the slope if the course is 
irregular and in the presence of obstructions. In rough and 
irregular channels or rivers n usually increases with the slope, 
because with a corresponding increase of velocity the current 
becomes more disturbed, produces stronger lateral currents, and 
thereby consumes more energy than in comparatively smooth 
channels or pipes without obstructions, where the particles of 
water maintain a direction more nearly parallel with the axis 
of the stream, and where accordingly the variation is generally 
found to be reversed. 

As, however, these variations of n in the same channel are 
usually slight compared with those depending directly upon 
the character of the wetted perimeter and configuration of the 
bed, it is rarely necessary to give them much consideration. 
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Class A. Pipes* ■ 


DiKunioN or Plri. 
Mktboo or Gaugikc. 




J. Glass 1 


GIus Pipe. 

Funnel moDChpiece. 


H. Smith, Jr.. l836. 


Glus Pipe. 
Siraighi. 


Datcy, 1851.* 


//. Tin and. J 


Lead Pipe in Hamburg (Laget plaiz). 


Iben. 1875- 


Hew Lead Pipe. 

Siraighi. 


Darcy, 1851. 


Lead Pipe. 

Siraighi. 

Velocity dclermined from knoirn volume. 


Bossul. I77i.» 


Tin Pipe. 

Straight. 


do. 


Tin Pipe. 

Straight. 


do. 


Lead Pipe. 


W. A. Provis. 1838. 


•See H. Smilh. Jr.. "Hydraulics." for experiments of Darcv, Bossut, and 1 

^ ~ J 
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ns 



under Pressure. 



Lensfth in 
Feet. 



Diameter in 
Feet. 



Mean 

Hydraulic 

Radius, 

in Feet, 

R. 



Hydraulic 

Gradient or 

Slope per 

Thousand, 

XO0O.S 



Mean 

Velocity in 

Feet per 

Second, 

V 



Coefficient, 
in Formula 

c 



Coefficient 
of 
Rough- 
ness, 



ripe. 



64 


0.0764 


O.OI9I 


25.01 


1.955 


89.5 


.0073 




4( 

• 


(• 


50.77 


2.945 


94.6 


.0072 




(< 


(< 


75-30 


3.685 


97.2 


.0070 




<< 


ti 


102.06 


4.383 


99.3 


.0069 




<< 


(( 


129.18 


5.009 


100.8 


.0068 


147 


0. 1630 


0.0407 


0.96 


0.502 


80.3 


.0001 

.0086 




(( 


«( 


7.71 


1. 591 


89.8 




(( 


It 


57.62 


4.849 


100. 1 


.oo8z 




(( 


tl 


III. 91 


6.916 


102.4 


.0080 



Lead JPipe. 



350.3 


0.082 


0.0205 


50.56 


2.70 


85.0 


.0078 




<( 


44 


64.61 


3.16 


87.0 


.0077 




(( 


44 


112.36 


4.72 


98.5 


.0071 




4( 


4( 


216.29 


6.88 


104.0 


.0068 




(( 


44 


348.31 


9. II 


107.9 


.0067 


172 


0.0886 


0.0221 


.-O.44 


0.213. 


68.3 


.0086 




(4 


44 


8.14 


1.089 


81. 1 


.0082 




It 


44 


54.36 


3.350 


96.5 


.0074 




4( 


4( 


146.32 


5509 


96.8 


.0074 


53 


0.0888 


0.0222 


6.24 


1.086 


92.2 


.0075 




44 


44 


18.59 

• 


1.979 


97.4 


.0073 


192 


O.II84 


0.0296 


5.40 


1. 116 


88.2 


.0082 


(i 


44 


44 


10.76 


1.678 


94.0 


.0079 


64 


tt 


44 


15.08 


2.075 


98.2 


.0077 


32 


44 


44 


26.94 


2.946 


104.3 


.0074 


32 


44 


44 


52.98 


4.310 


108.8 


0072 


63 


O.II84 


0.0296 


113. 4 


6.143 


106.0 


.0073 


126 


44 


(1 


II3-5 


6.150 


106. 1 


.0073 


189 


44 


44 


113.4 


6.157 


106.2 


.0073 


100 


0.125 


0.0313 


29.17 


3.090 


102.3 


.0072 


80 


44 


(4 


36.46 


3.396 


100.3 


.0075 


60 


44 


44 


48.61 


3-903 


100. 1 


.0075 
.0070 


40 


44 


44 


72.92 


4.759 


99.7 


20 


44 


44 


145.83 


6.150 


91. 1 


.0079 






BwT. »i;i- 




B«-«.r7i- 


tot fh« ttmmmioK 71&3 [eei. lead; io tairlj good 
On« riiiber sbnipt bciul aul «n«ral eatf bends. 


C«pl«.,j3X. 



III. Earthen 



Pluirlnf pwily trader » aligfat IwwL 



JF. ITtMMlCM 



Woedan Pipe. 

(.'Iininly jultiled. 

REdtaniEulHri i. $74 feel nidc by .98 feci deep, 

Wair inca«urcmen(. 



Woodvn Plp«. 

I'liplH; cloiely jointed. 

RpcunKuUr: 9.614 feet wide by 1.64 feci deep. 

Wtir iDtHuremcnt. 



Darcy and Bazin, 1857. 



If H. Smith, Jr., " Hjrdraulirs," for experiments of Darcy, Bossut, and 

Couplei. 
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under Pressure. 



L^gtfain 



Diameter in 
Feet. 



Mean 

Hydraulic 

Radius, 

in Feet, 

R 



Hydraulic 

Gradient or 

Slope per 

Thousand/ 

xooo S 



Mean 

Velocity in 

Feet per 

Second, 



Coefficient, 
in Formula 

V = c^RS, 

c 



Coefficient 
of 
Rough- 
ness, 



Pip^— Continued, 



172 


0.1345 


0.0336 


0.82 


0.3^4 


75.0 


.0090 




<( 


*( 


7.78 


1.404 


86.8 


.0085 




<( 


<< 


56.00 


4.318 


99.5 


.0078 




<< 


« 


158.82 


7.562 


103.5 


.0076 


192 


0.1785 


0.0446 


5.30 


1.455 


94.6 


.0086 


96 


<( 


*( 


10.01 


2. 115 


100. 1 


.0084 


64 


<< 


(( 


14.19 


2.596 


103.2 


.0082 


32 


<< 


(( 


23.88 


3.583 


109.7 


0079 


32 


<( 


(( 


46.48 


5.233 


114. 9 


.0076 


7483 


0.444 , 


O.III 


0.066 


0.1787 


65.9 


.0110 




ti ^ 


l< 


0.135 


0.2801 


72.5 


.GUI 




« 


l< 


0.199 


0.3664 


78.0 


.0110 




« 


<< 


0.250 


0.4269 


81.0 


.0109 




«( 


«( 


0.285 


0.4632 


82.4 


.0108 




« 


<( 


0.297 


0.4728 


82.4 


.0108 



^ware Pipe. 



2310 



1-5 



0.375 



2.50 



3.581 



117. o 



.OIIZ 



JPipe* 



145.73 




0.319 


0.533 


1.230 


94.3 


.0124 






(( 


1.067 


1.778 


96.4 


.0124 






<< 


1.733 


2.276 


96.8 


.0123 






<< 


2.733 


2.939 


99.5 


.0121 








3.867 


3.529 


100.5 


.0120 






(( 


6.267 


4.349 


97.3 


.0124 






<« 


7.267 


4.625 


96.1 


.0125 






It 


8.800 


, 5.307 


IOO'2 


.0121 


230.58 


• 


0.505 


0.475 


1.666 


107.6 


.0122 






4< 


1.076 


2.519 


108. 1 


.0123 






<< 


1.899 


3-372 


108.9 


.0122 






(( 


2. 911 


4.225 


II0.2 


.0122 






<< 


4.272 


5.068 


109. 1 


.0123 






<( 


5.063 


5-527 


109.3 


.0123 






<( 


5.760 


5.914 


109.7 


.0123 






(< 


6.614 


6.373 


110.3 


.0122 
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Class A. Pipes, 



r. Jfew WrougM 



WrouEht Iron Pipe. 

Experiments of N. Y. Gaslight Co. 
Straight. 

Two elbows or a return would reduce delivery 
it to 4*. 
Quantity of discharge measured. 


Rowland,* 1883. 


New Wrought Iron Galvanized Pipe. 

Straight. 


Ehtnann.f 1878-79. 


New Wronght Iron Pipe. 
Coaled with asphalt 
Funnel mouthpiece, 


H. Smith, Jr., 1886. 


New Wrought Iron Pipe. 

Not coated. 

Straight. 

Discharge measured with great accuracy. 


Darcy, 1S51. 


New Wrought Iron Riveted Pipe. 

Coated with asphalL 
Straight. 


Do. 


New Iron Riveted Pipe at VersuUea. 

Easy curves. 


Couplet, 1833. 



L 



*See Brush, Trans. Am. Soc. C. 1 
f ^ee Iben, DruchhOhenverlust. 
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under Pressure. 



Leng^th in 
Feet. 



Diameter in 
Feet. 



Mean 

Hydr^iulic 

Kadius, 

in Feet, 

R 



Hydraulic 

Gradient or 

Slope per 

Thousand, 

zooo^ 



Mean 

Velocity in 

Feet per 

Second, 



Coefficient, 
in Formula 

c 



Coefficient 
of 
Rough- 
ness, 

n 



Iran Bipe. 



31.0 


0.0833 


0.0208 


6258.06 


36.10 


100. 


.0070 


31.0 


k( 


(( 


8935.49 


43.40 


100.6 


.0067 


31.0 


(C 


(C 


10741.93 


48.10 


101,7 


.0069 


63.5 


<< 


tt 


3055.12 


26.70 


105.8 


.0067 


63.5 


(< 


tt 


4362.20 


32.10 


106.6 


.0067 


63.5 


«« 


tt 


5244.10 


36.60 


IIO.7 


.0060 


97.0 


tt 


tt 


2000.00 


19.90 


97.5 


.0071 


97.0 


(« 


tt 


2S55.67 


24.50 


100.5 


.0071 


97.0 


(( 


tt 


3432.99 


27.20 


IOI.7 


.0070 


301.8 


0.0842 


0.021 


7.61 


I. II 


87.1 


.0077 




*t 


t( 


29.35 


2.13 


85.9 


.0078 




(( 


tt 


113.04 


3.71 


77.2 


.0082 




<( 


tt 


225.00 


5.80 


84.5 


.0076 




(< 


tt 


239.13 


5.90 


83.2 


.0077 


about 60 


0.0873 


0.0218 


26.93 


2.220 


91.6 


.0075 




1 1 


It 


52.19 


3.224 


95-5 


.0074 




t* 


tt 


103.38 


4.761 


100.2 


.0071 




(< 


tt 


130.64 


5.443 


101.9 


•0070 


372 


0.0873 


0.0218 


0.33 


0.190 


70.7 


.0084 




4< 


tt 


10.15 


1.207 


81. 1 - 


.0082 




l< 


tt 


43.48 


2.612 


84.8 


.C080 




(( 


tt 


105.71 


4.203 


87.5 


.0078 




<l 


t* 


309.52 


7.166 


87.2 * 


.0078 




0. 1296 


0.0324 


0.22 


0.205 


76.9 


.0086 




< t 


1 1 


3.36 


0.858 


82.3 


.0086 




1< 


<t 


23.89 


2.585 


92.9 


.0082 




tt 


It 


123.15 


6.300 


99.8 


.0078 


- 


tt 


tt 


224.08 


8.521 


100. - 


.0077 


365 


0.2710 


0.0677 


0.27 


0.328 


76.7 


.0100 




tt 


It 


2.03 


1. 171 


99.9 


.0088 




tt 


tt 


12.20 


3.117 


108.4 


.0085 




tt 


tt 


40.70 


6.148 


117. 1 


.0081 




tt 


tt 


106.54 


10.535 


124.0 


.0078 




tt 


tt 


156.05 


12.786 


124.3 


.0077 


1825 


0.533 


0.133 


0.146 


0.2447 


55.5 


.0144 




« 


tt 


0.255 


0.3518 


60.3 


.0142 
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^B Claw A. Pipes. | 


^^^L Dummoii or 


— 1 


^^V J^e*" Wrought Iron | 


1 lf«ir WrovKtit Iroa RiYCted Pipe. 
Coaled with uphall. 
Slraifht. 


Darcy, 1851- 


SkMt Iron RiTeted Pipe it North BloomfieM. 

Pnnnel roouthpitcc. ;,a (mi long. 
Velotily meaiurcd by weir. 


H. Smith, Jr., i87&- 


■cir WroDBlit Iron Rireted Pipe. 
Coaled with asphail. 
Straight. 


Darcy, 1851. 


8b<*t Iron Riveted Pipe at North Bloomfield. 
CoBieil with a-iphaU. 
Funnrl moiiihpitcr, la (ect long. 
Veloflly meanured by weir. 


H. Smith, Jr., 1376. 


Sume. 
Funnel mouthpiece. 14.8 feel lung. 


Do. 


Creek. 

Coated with asphalt. 

Easy curves, 

VElocily measured by weir and orifices. 


Do. 


Sheet Iron Riveted Pipe at Humbtig, Cal. 

Vclociiy measured by floxv through standard 
apeitures. 


Do. 


Wrought Iron Flume at Holyoke. 

Flume made of rings about ^,5 feet long, 
riveted with lap joints. Each ring consisted of 
three plates, lapped and riveted; thickness of 
plates, .03 feet. 

Section nearly circular. 

Velocity measured by Venturi water meter. 


Herschel, 1887. 


» A 
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under Pressure. 



Leng^th in 
Feet. 



Diameter in 
Feet. 



Mean 

Hydraulic 

Radius, 

in Feet, 

R 



Hydraulic 

Gradient or 

Slope per 

Thousand, 

1000 .S* 



Mean 

Velocity in 

Feet per 

Second, 

V 



Coefficient, 
in Formula 

c 



Coefficient 
of 
Rough- 
ness, 
n 



Pipe — Continued, 



. 365 


0.6430 


0.1607 


0.20 


0.591 


104. 1 


.0097 




•«« 


%t 


1.29 


1.529 


106.2 


.0100 




(( 


(( 


5.80 


3.530 


115.6 


.0095 




<« 


(( 


12.00 


5.509 


125.4 


.0090 




<< 


<i 


29.70 


9.000 


130.2 


.0088 




<( 


(< 


121.56 


19.720 


141. 


.0083 


abt.-yoo 


0.911 


0.228 


8.50 


4.712 


107. 1 


.0108 




<< 


<< 


13.34 


6.094 


no. 6 


.0106 




<* 


(( 


16.95 


6.927 


III. 5 


.0105 




(( 


(( 


25.59 


8.659 


"34 


.0104 




0.9105 


(< 


33.09 


10.021 


115.5 


.0102 


365 


0.9350 


0.234 


0.70 


1.296 


101.3 


.0110 




tt 


t » 


4.33 


3.868 


121. 6 


.0098 




(< 


<< 


11.90 


6.673 


126.5 


.0096 




(( 


«( 


28.07 


10.522 


129.9 


.0094 


abt. 700 


1.056 


0.264 


6.68 


4.595 


109.4 


.0109 




«( 


(( 


14.28 


6.962 


113. 4 


.0106 




(1 


(( 


22.19 


8.646 


1130 


.0106 




(( 


(< 


33.18 


10.706 


114. 4 


.0105 


abt. 700 


1.229 


0.307 


5.02 


4.383 


III. 6 


.0110 




1.230 


(< 


. 10.97 


6.841 


117. 8 


.0106 




.4 


(( 


12.27 


7.314 


119. 1 


.0105 




i( 


(( 


16.46 


8.462 


119. 


.0105 




(t 


<( 


24.70 


10.593 


121. 6 


.0104 




<( 


«( • 


32.31 


12.090 


121. 3 


.0104 


abt. 4440 


T.416 


0.354 


66.72 


20.143 


131. 1 


.0099 


abt. 1200 


2.154 


0.538 


16.41 


12.605 


134. 1 


.0106 


152.9 


8.58 


2.145 


0,0079 


0.50 


121. 9 


.0127 








0.0320 


1. 00 


120.6 


.0184 
.0148 








0.0837 


1.50 


III. 9 








0.1557 


2.00 


109.4 


.0154 








0.2453 


2.50 


109.0 


.0155 








9 3584 


3.00 


108.2 


•0157 








0.4991 


3.50 


107.0 


.0x59 








0.6619 


4.00 


106.2 


.0160 








0.8470 


4.50 


105.6 


.0160 



^^H 142 CEaKEHAL formula fox U.VIFORM FLOW OF fVATEJl. 1 

^H Class A. Pipes, 1 


^^H HiT^p »r Caix»<^ 


- 


^^M VI. Sew Cast 1 


^^h Cut Iron Pip« at Habttwald. 

^^^B Asphalted: iwo years in use. 
^^^1 Many buleasy curves, and several olber inega- 
^^^f larilles. No incrustations. 
^^^ Observations were maJe of two stretches of 
' the same pipe, this eiperimenl being made in 
the lower part of the main, having a 3S grade. 


Ehmann,* 1878-79. 


Cwt Iron Pipe «t HihnwiJd. 

Asphalted: two years m use. 

Many easy curves, and several other irregulari- 
ties. No incrustations. 

This pipe includes the previous one. and had 
a heavy grade for ihe other 875.8 feet. 


Do. 


New Cast Iron Pipe. 


Darcy, 1851. 


Cast Iron Main at Stuttgart (Neckar St.). 

Abuut 1 length was 9 years in use, and ^ about 
1 year. No incrustadons noticeable in cither 
stretch. 

Two stop- valves and six branches on Ihe line. 


Ehmann, 1878-79. 


Cast Iron Pipe at HamburE (Bill Strasse). 
at years in use. 


Iben.t 1S75. 


New Cast Iron Pipe at Hamburg jWenden 
Strasse). 


Do. 


•For Ehmann's Experiments, see Iben, DruckhfihenverlusL Thevars 1 
said to have been made with great care. Discharges were measured by vol- 1 
umes. and pressures were taken at numerous points along the lines. ■ 

f For Iben's Experiments, see Iben, DnickhShenverlusi. I 
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under Pressure* 



Length in 
Feet. 



Diameter in 
Feci. 



Mfcan 

Hydraulic 

Radius 

in Feet, 

R 



Hydraulic 

Gradient or 

Slope per 

Thousand, 

zooo5' 



Mean 

Velocity in 

Feet per 

Second, 



V 



Coefficient, 
in Formula 

v = €^RS, 

c 



Coefficient 
of 
Rough- 
ness, 
n 



Iron Pipe. 



1262.8 


0.164 


0.041 


1.67 


0.61 


73-7 


.0096 




4( 


■(• 


24.95 


2.43 


76.0 


.0096 




<« 


<< 


31.34 


2.75 


76.8 


.0096 




• (( 


<< 


35.71 


2.95 


77.1 


.0095 


2138.6 


0.164 


0.041 


3.15 


0.84 


73.9 


.0097 




<( 


(< 


6.38 


1.22 


75.4 


.0090 




<< 


(( 


9-74 


1-52 


75.9 


.0096 




(( 


;<( 


13-71 


1.80 


75.9 


.0096 




(1 


,«« 


15.66 


1-93 


76.3 


.0095 
.0090 




<< 


'<( 


20.25 


2.20 


76.4 


366 


0.2687 


0.0672 


0.20 


0.289 


78.8 


.0096 




(< 


• 4 


5.31 


1.841 


97-5 


.0091 
.0089 




It 


(( 


22.55 • 


3.888 


99.9 




(« 


<( 


99.04 


8.160 


100. 


.0089 




*( 


«( 


170.72 


10.712 


100. 


. .0089 


3614.6 


0.331 


0.083 


0.29 


0.31 


63.3 


.0120 




<t 


(4 


1. 13 


0.77 


79.6 


.0107 




tl 


<( 


2.35 


1. 18 


84.5 


.0104 




• << 


<( 


3.76 


1.57 


88.9 


.0100 




«l 


4( 


6.43 


2.06 


89.2 


.0100 


1889.3 


0.334 


0.083 


3.65 


1.43 


82.2 


.0105 




<« 


Wc 


25.87 


• 3.52 


76.0 


.0111 




<< 


'(( 


36.11 


4.10 


74.9 


.0112 




<< 


■(( 


4£..I5 __ 


4-32 


73.9 


.0114 


896.8 


0.334 


0.983 


15.73 


3.47 


96.1 


.0096 




• 4 


«( 


31.09 


4.86 


95.7 


.0096 




<4 


(( 


42.06 


5.80 


98.3 


.0093 




«( 


«( 


48.64 


6.17 


97.2 


.0094 



1 


1 

144 GEAfEKAI. FORMULA FOR UNIFORM FLOW OF WATER. ■ 

Class A. Pipcii, \ 


1 


DwciimoM OF Pin. 


,™..„^ 


H 




New Catt Iron 


1 


Haw Ctit Inn Pipe ftt Hunburs (Grindel 
All.y). 
Coftted with Ur. 


I ben, 1876. 


r 


Ntw CMt Iron Pipe at Hwnburg (DeEtniss Si,) 
C(i«ied wlih IM. 


Do. 


1 


--- 


Darcy, lEjl. 


H 


1 M«W C««t Iron Plpt it HamburE (HaUer 
■ Stmt*). 


Iben, 1875. 




Niw Caat Iron Pipa at Haraburp (Schoen St.). 
Ciiulcil wUh lar. 


Ibcn, 1876. 




1 Naw Cast Iron Main at Hamburg (Repsold Si.). 
1 Coatid with lar. 


Do. 




New Cast Iron Pipe. 


Darcy, 1851. 


L_ 


Cait Iron Main at Stuttgart. 
About rour years In use. 
AsphalteU and in good condition. 
One bend o( curved pipes. 
No valves or branches. 


Ehmann, 1S7S-79. 


_L 


^ 
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under Pressure. 



l^Leng^th in 
Feet. 



Diameter in 
Feet. 



Mean 

Hydraulic 

Radius, 

in Feet, 

R 



Hydraulic 

Gradient or 

Slope per 

Thousand, 

1000 6' 



Mean 

Velocity in 

Feet per 

Second, 



Coefficient, 
in Formula 

c 



Coefficient 

of 

Rough- 

ncKs, 



Pipe — Continued. 



397 


0.335 


0.084 


0.66 


1. 00 


124 


.0078 




*( 


(( 


5.62 


2.10 


97 


.0094 




«( 


(( 


9.75 


2.80 


97 


.0005 
.0089 




(( 


«( 


20.50 


4.30 


105 




<( 


tt 


33.72 


5.50 


104 


.0091 


415 


0.335 


0.084 


1.98 


1. 00 


79 


.0108 




<» 


(( 


4.11 


1.70 


92 


.0098 




<( 


(( 


6.56 


2.10 


90 


.0099 




<( 


(( 


7.83 


2.30 


90 


.0099 




n 


(< 


11.07 


2.80 


91 


.0098 


366 


0.4495 


O.II24 


0.24 


0.489 


94.1 


.0097 




t . 


4t 


4.75 


2 503 


108.4 


.0094. 




(( 


(< 


22.25 


5.623 


112. 5 


.0091 


* 


« » 


*( 


98.52 


I I . 942 


113. 5 


.0091: 




<( 


t< 


167.56 


15.397 


112. 2 


.0091 


1088 


0.498 


0.125 


11.46 


3.36 


89.4 


.0109 




» » 


tt 


14.17 


3.96 


94.7 


.0105 


1073 


0.499 


0.125 


4-59 


2.00 


82 


.0116 




t • 


tt 


11.62 


3.30 


87 


.0112 




<( 


tt 


«l6.2I 


3.90 


88 


.0110 




41 


tt 


22.32 


4.80 


92 


.0107 




«< 


tt 


30.27 


5.30 


87 


.0112 


930 


0.499 


0.125 


3-53 


2.30 


III 


.0093 




«t 


tt 


14.83 


4.30 


lOI 


.0101 




(( 


tt 


27.52 


5.30 


90 


.0109 




(t 


•« 


34.23 


6.00 


92 


.0108 




<• 


tt 


50.46 


7.10 


90 


.0109 




<t 


tt 


68.10 


8.70 


95 


.0104 


365 


0.6168 


0.1542 


0.27 


0.673 


104.2 


.0096 




it 


* t 


3.68 


2.487 


104.4 


.0100 




<( 


4« 


22.50 


6.342 


107.7 


.0100 




<< 


41 


109.80 


14.183 


109.0 


.0099 




(( 


tt 


145.91 


16.168 


107.8 


.0100 


810 


0.662 


0.166 


0.377 


0.73 


92.7 


.0108 




»< 


(( 


0.850 


1. 12 


94.7 


.0109 




<( 


tt 


1.332 


1.45 


97-9 


.0107 




(C 


tt 


1.883 


1.69 


96.0 


.OZO9 






tt 






• 





146 GEXEHAL FORMULA FOR UNIFORM FLOW OF WATER. 

Class A. Pipes, 



New Cast Iron 



Cast Iron Main at Stnttgart. 

About four years in use. 
Asphaked and in good condilior. 
Several bends of large radius and made of 
curved pipe. No valves or branches. 


Ehmann, 187B-79. 


Cut Iron Main at Stuttgart. 

One year In use; perfectly clean. 
Several easy hon^onlal curves, and one ver- 
tical curve with summil al which air Was allowed 
10 escape before each experiment. 
Three valves on ihe line. 

of the same main 3300,1) feet apart. 


Do. 


New Cast Iron Pipe at Hamburg; lUhlcnhorsi) 
(Author acknowledges some unlcnown obslruc 
lion.) . 


Iben, 1875. 


New Cast Iron Main at Hamburg (Rehrendamm 
Coated with tar. 


Iben, i3;6. 


New Cast Iron Pipe at Hamburg (Lacisz St.), 
Coated with tar. 


Do. 


New Cast Iron Force Main at Bonn. 
Coated with asphalt. 
Alignment direct, with easy curves. 
Possibly some air in pipes. 
Discharge determined from reservoir contents. 
Static pressure, 155 feet. 


Iben, 1880. 


Cut Iron Pipe at Dantzig. 

Five years old; in Bood condition. 
Coated with asphalt. 
Nearly straight. Descent, 155 feel. 
Velocity determined from reservoir contents 
and pressure gauges. 


Lampe,* 1869-71. 



lien. DruckhBhenverlus 
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under Pressure. 



Length in 
Feet. 



Diameter in 
Feet. 



Mean 

Hydraulic 

Radius, 

in Feet, 

R, 



Hydraulic 

Gradient or 

Slope per 

Thousand, 

\oooS 



Mean 

Velocity in 

Feet per 

Second, 

V 



Coefficient, 
in Formula 

c 



Coefficient 

of 

Roufifh- 

ness, 

n 



Pipe— Continued, 



II3I 


0.826 


0.206 


0.0174 


0.20 


105.9 


.0080 




t( 


<< 


0.0319 


0.27 


105.9 


.0082 




(« 


(( 


0.0783 


0.40 


99-7 


.0097 




(< 


(( 


0.1880 


0.62 


99.7 


.0103 




<< 


(( 


0.3280 


0.83 


100.9 


.0107 




(( 


(( 


0.4060 


0.94 


102.9 


.0104 


1046.3 


0.829 


0.207 


0.213 


0.29 


43.7 


.0197 
.0128 




*t 


«< 


0.392 


0.72 


79-9 




«< 


<< 


0.781 


1. 14 


89.7 


.0119 




<( 


«< 


1.339 


1. 51 


90.7 


.0119 




<< 


<( 


2.150 


1.90 


90.1 


.0120 




<« 


<( 


3.223 


2.31 


89.4 


.0122 




<< 


<< 


4.596 


2.68 


86.9 


.0124 


5612. 1 


1. 000 


0.25 


0.82 


1.35 


94.3 


.0119 




(• 


tt 


3.10 


2.37 


85.5 


.0130 




(( 


ft 


4.21 


2.77 


85.4 


.0131 


1795 


1. 001 


0.25 


1.46 


1.60 


85 


.0131 




<( 


<< 


1.83 


2.10 


97 


.0118 




(( 


<< 


2.19 


2.60 


112 


.0104 




(( 


<< 


384 


3.80 


121 


.0099 




i( 


(< 


6.03 


4.80 


125 


.0097 


580 


I.OOI 


0.25 


0.04 


0.40 


123 


.0079 




... ,j 


• - — <f 


0.60 


1.30 


109 


.0107 




(( 


<< 


1.49 


2.20 


112 


.0104 




(« 


<« 


2.84 


3.00 


114 


.0104 




(( 


«< 


7.00 


4.80 


116 


.0103 




(< 


t< 


11.22 


6.10 


114 


.0105 


17.684 


1.004 


0.251 


1. 21 


1.553 


89.3 


.0126 




(( 


*t 


1.95 


2.104 


95.1 


.0120 




<( 


(< 


2.60 


2.620 


102.6 


.0114 




i« 


«« 


3.62 


3.096 


102.7 


.0114 


abt. 26,000 


1.373 


0.343 


0.594 


1.577 


110.5 


.0112 




•-•-««•■ 


-»i 


1.376 


2.479 


114. 1 


.0110 




•* 


(< 


1.630 


2.709 


114. 6 


.OZIO 




(< 


(« 


1.950 


3.090 


119.4 


.0107 
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Class A, Pipes, 



I 



Dksc-iptim ok Pip.!. 


.™..,„. 


Neu! Cast Iron 


NcTC Cast Iron Pipe. 


Darcy, 1351. 


New Cast Iron Pipe at Hamburg(S[ctiischanze) 
Corftcd wilh lar. 


Iben, 1875. 



New Cast Iron Force Main at Hackensack, 
N.J. 

Large number of sum mils, angles, and cui 
of which there are four right anglcB and 
quadrania of 30 feet radius. 

QuHntiiy measured al pumps, 5$ slip. 

Static head, 165 feeL 



New Cast Iron Force KlBin a 



Philadelphia, 
i 2S feet 



One quarier [ura; other 

Two check-valves, whose weigh! is deducted 
from pressure on gauge. 

Quaniity measured at pumps 



Cast Iron Force Main at Philadelphia, Pa. 
Two years old. 
Curves, 1$ fe=' radius. 

Four check-valves on line, [he weight o( which 
is deducted from pressure in gau^e. 
Quantity measured at pumps, sf slip. 
Static head, 167.3 iect. 



New Cast Iron Pipe, Sudbury Conduit. 

Coated with asphalt. 

Horizontally straight; very easy vertical 

Velocity measured by weir. 
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under Pressure. 



Length in 
Feet. 



Diameter in 
Feet. 



Mean 

Hydraulic 

Radius, 

in Feet, 

R 



Hydraulic 

Gradient or 

Slope per 

Thousand,' 

1000 S 



Mean 

Velocity in 

Feet per 

Second, 



Coefficient, 
in Formula 

c 



Coefficient 
of 
Rough- 
ness, 
n 



Pipe — Continued. 



365 


1.6404 


O.4IOI 


45 


1.472 


108.4 


.0116 




«« 


t * 


1.20 


2.602 


II7-3 


.0111 




«( 


(( 


2.10 


3.416 


116. 4 


.0112 




<< 


*( 


2.60 


3.674 


112. 5 


.0115 


3514 


1.667 


0.417 


0.12 


0.70 


105 


.0112 




<« 


(( 


0.48 


1.60 


no 


.0116 




«( 


(( 


0.76 


1.90 


109 


.0118 




(( 


t€ 


1. 21 


2.50 


109 


.0119 


75.000 


1.667 


0.417 


0.733 


2.00 


114. 4 


.0112 




<< 


tt 


0.880 


2.24 


117. 


.0110 




(( 


tt 


1.026 


2 36 


114. 1 


.0113 




(1 


tt 


1. 187 


2.52 


113.3 


.0114 




(< 


tt 


1.333 


2.68 


113. 7 


.0113 




(« 


tt 


T.493 


2.76 


no. 6 


.0117 




<( 


tt 


1.640 


2.92 


III. 7 


.0124 




t< 


tt 


1.800 


3.00 


109.5 


.0127 


4000 


2.500 


0.625 


0.39 


1.60 


102.8 


.0131 




t* 


(( 


0.46 


1.74 


102.9 


.0132 




<< 


(( 


0.53 


1.87 


103.0 


.0132 




4( 


(( 


0.60 


2.00 


103.3 


.0132 




l( 


<l 


0.67 


2.14 


104.6 


.0129 


20,200 


2.500 


0.625 


0.310 


1.47 


105.5 


.0128 




4< 


(( 


0.38 


1.62 


105.9 


.0128 




<< 


«< 


0.44 


1.76 


106.2 


.0128 




(1 


tt 


0.50 


1. 91 


107.7 


.0127 




<< 


tt 


0.57 


2.06 


109.4 


.0120 




<( 


tt 


0.63 


2.20 


no. 7 


.0124 




(( 


tt 

• 


0.70 


2.35 


112. 6 


.0123 




(< 


tt 


0.76 


2.50 


114. 6 


.0121 




t< 


tt 


0.83 


2.64 


116. 2 


.0119 




(( 


it 


0.89 


2.79 


118. 4 


.0118 




<( 


tt 


0.95 


2.94 


120.4 


.0116 




l( 


tt 


1.02 


3.08 


122. 1 


.0114 




<( 


tt 


1.08 


3.23 


124.2 


.0113 


1747 


4.00 


I. 00 


0.318 


2.616 


146.7 


.0105 




i( 


t< 


0.711 


3.738 


140. 1 


.0109 
.0108 




(i 


(< 


1. 221 


4.965 


142. 1 




<< 


(» 


1.849 


6.195 


144. 1 


.0107 



^^^B 150 GENERAL FORMULA EOfi UNIFORM FLOW OF iVATER. ■ 

^^V Class A. Pipesr 1 


^^H DiKRII'TIDH OF 


- 


^^ N&w Cast Iron 1 


F Cftit Iron Pipe at Loch Katrine. 

1 Coaled with asphaJl; in good condition. 
^^^1 Several easy bends. 


■■■"""•" 1 


^^P rii. Old 1 


Old Cast Iron Pipe. 


Darcy, 1B51. 


Same. 
1 Cleaned. 


Do. 


1 •""" 


Do. 


^^g^ Cleaned. 


Do. 


Old Cast Iron Pipe at HamburE (Koppel). 

Nineteen yeats in use. Very heavily inerusl- 
atcd, 


iben, 1876. 


Old Iron Pipe at Versailles. 

Much incruslated. 

Two abrupt and several easy bends. 

Velocity determined by a measuring vessel. 


Couplet, 1732. 


Thirteen years in use. Heavily incrusiated. 


Iben, 1876. 


m ^ 
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under Pressure* 



Leng^th in 
Feet. 



Diameter io 
Feet. 



Mean 

Hydraulic 

KadiuSf 

in Feet, 

R 



Hydraulic 

Gradient or 

Slope per 

Thousand, 

looo S 



Mean 

Velocity in 

Feet per 

Second, 

V 



Coefficient, 
in Formula 

c 



Coefficient 
of 
Rough- 
ness, 
n 



Pipe — Continued, 



3f miles 



4.00 



1. 00 



0.947 



3.458 



112. 4 



.0134 



Iron Pipe. 



375 


0.117S 


0.0294 


0.25 


0.167 


61.7 


.0095 




it 


t t 


1.83 


0.426 


58.1 


.0105 




n 


t t 


15.25 


1.250 


59.0 


.0105 




«t 


<« 


4^.55 


2.077 


59-4 


.0105 


375 


O.II94 


0.0298 


0.71 


0.371 


80.5 


.0085 




(< 


• t 


1.80 


0.617 


84 I 


.0084 




i i 


«« 


14.41 


1.972 


95.1 


.0079 




<< 


< ( 


39.66 


3-392 


98.1 


.0077 


366 


0.2608 


0.0652 


0.65 


0.403 


62.0 


.0120 




« t 


. 4 

/ 


7.25 


1.463 


67-3 


.0115 




<« 


<< 


16.10 


2.224 


68.7 


.0115 




«( 


(( 


45-35 


3.747 


68.9 


.0115 


366 


0.2628 


0.0657 


0.84 


0.633 


85.2 


.0096 




t > 


• « 


7 23 


2.014 


92.4 


.0094 
.0090 




t( 


<< 


15-57 


2-835 


88.6 




( ( 


%t 


44-73 


5.007 


93.4 


.0094 


373 


0.335 


0.083 


1.59 


0.30 


25 


.0247 




« t 


i< 


14.79 


0.70 


20 


.0292 




( ( 


1 ( 


32.39 


1. 00 


20 


.0292 




t( 


(t 


72.01 


1.60 


21 


.0284 




«( 


<( 


120.42 


2.10 


21 


.0284 




(4 


<< 


150.36 


2.40 


21 


.0284 


1898 


0.355 


0.0888 


0.421 


0.1836 


30.0 


.0212 




.t 


i< 


0.982 


0.3166 


33.9 


.0200 




it 


<( 


1.450 


0.4086 


36.0 


.0194 


899 


0.499 


0.124 


7.66 


0.80 


26 


.0268 




-. , -. «» - 




II. 31 


1.30 


34 


.0221 




(( 




16.78 


1.50 


34 


.0221 




4( 




19-33 


1.70 


34 


.0221 




(( 




22.25 


1.80 


34 


.0221 




it 




24.44 


1.90 


34 


.0221 



^^B 151 CE.NEXAL POKMULA FOR tfX/FOSJt FLOtr OF WA TEH. 1 

Class A. Pipes, 1 




- 


Md Jron 1 


NiJietna jear» in ii»e Very heavily iacni*t 
Mcd. 


Ibeo, 1876. 


Otd Cut Iron Pipe wX Pftris. 


Darcr. 1851. 


Same, 
Cleaned. 


Do. 


Cast Iron Hun at Stuttgart. 

Six yean In use. Slighl mud dcposil9. occa- 
T (ionally 0.016 feel in dcpch. 

It has a large nmnber of easy curves hori- 
xonlally. but a rcKulac erade. 

Simultaneous obacrvaiiona along two sirclches 
of the same main; 2300.9 feet apart. 


Ehmann. 1878-79. 


Old Cast Iron Pipe at Paris. 

Caw fully cleaned. 


Datcy. 1S5.. 


Old Caat Iron Pipe at Hamburg (Roi herbs urn). 
Twelve yeara in use. .Slightly tuherculatcd. 


Ibcn, 1876. 


Old Cast Iron Pipe at Hamburg (Glacis Chaus 
s6e). 

Two years in use. Slighily incnistated. 


Do. 


Old Cast Iron Pipe at Hambure; (Hamm). 

Fourteen years in use. SliaHly inctuslated. 


Do. 


^ U 
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under Pressure. 



Length ia 
Feet. 



Diameter ia 
Feet. 



Mean 

Hydraulic 

Radius, 

in Feet, 

R 



Hydraulic 

Gradient or 

Slope per 

Thousand, 

zooo ^ 



Mean 

Velocity in 

Feet per 

Second, 



Coefficient, 
in Formula 



Coefficient 
of 
Rough- 
ness, 



JPipe — Continued. 




t 








916 


0.499 


0.124 


9.67 


0.80 


23 


.0296 




1* 


*( 


18.98 


1.30 


26 


.0269 




(< 


<< 


25.78 


1.50 


27 


.0270 




t* 


(< 


31.15 


1.70 


27 


.0262 




tt 


( t 


34.73 


1.80 


27 


.0262 




n 


«( 


36.88 


1.90 


27 


.0262 


365 


0.7979 


0.1995 


0.94 


1.007 


73.6 


.0138 


• t 


1 1 


t t 


4.73 


2.320 


75.5 


.0137 


(< 


«< 


i< 


22.90 


5.075 


75.1 


.0138 


t« 


( ( 


<( 


41.05 


6.801 


75.2 


.0138 


1 1 


( i 


( ( 


139-81 


12.576 


75.3 


.0138 


365 


0.8028 


0.2007 


0.52 


0.912 


893 


.0117 




(i 


t . 


4.98 


3II3 


98.5 


.0113 




(< 


it 


20.35 


6.247 


97.7 


.0114 




»( 


• < 


37.30 


8.438 


97.5 


.0114 




l« 


t» 


113.43 


14.754 


97.8 


.0114 


109S.8 


0.829 


0.207 


0.203 


0.29 


44.7 


.0192 




t ( 


(t 


0.364 


0.72 


82.9 


.0123 




(< 


«< 


0.937 


1. 14 


81.9 


.0128 




(< 


t< 


1.558 


1. 51 


83.3 


.0127 




«< 


«< 


2.322 


1.90 


86.7 


.0124 
.0128 




(( 


«< 


3.719 


2.31 


83.2 




«< 


l< 


4.818 


2.68 


84.9 


.0127 


365 


0.9744 


0.2436 


0.28 


0.800 


96.9 


.0114 




. 4 


*( 


I. 19 


1.765 


103.7 


.0112 




<( 


(1 


5.37 


3.789 


104.8 


.0112 




(( 


«< 


23.05 


7.841 


104.6 


.0112 




it 


<l 


40.70 


10.368 


104. 1 


.0112 


541 


I. 000 


0.250 


2.24 


1.79 


75.7 


.0143 




t< 


t i 


2.84 


2.03 


76.2 


.0142 


2149 


I. 001 


0.250 


0.26 


0.60 


74 


.0138 




<( 


t ( 


0.41 


0.80 


81 


.0132 




< ( 


tt 


0.81 


1.20 


85 


.0129 




(< 


(( 


1.28 


1.60 


92 


.0122 




«« 


it 


2.99 


2.40 


86 


.0129 


7179 


I. 001 


0.250 


0.42 


0.70 


71 


.0147 




< t 


«( 


1.65 


1.60 


78 


.0139 




<< 


t< 


4.44 


2.70 


80 


.0137 
.0138 




(< 


«l 


9.43 


3.90 


80 





J 
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under Pressure. 



Length in 
Feet. 





Mean 


Hydraulic 


Mean 


Coefficient, 


Coefficient 


Diameter in 
Feet. 


Hydraulic 
iLadius, 
in Feet, 


Gradient or 

Slope per 

Thousand, 


Velocity in 
Feet per 
Second, 


in Formula 


of 
Rough- 
ness, 




R. 


xooo.S' 


V 


c 


n 



^ipe— Continued, 



1808 


1. 001 


0.250 


0.65 


0.90 


67 


.0154 




< ( 


(t 


3.76 


1.80 


58 


.0177 




t( 


<( 


6.12 


2.30 


59 


.0175 




(t 


(< 


7.73 


2.60 


58 


.0178 


1736 


1. 001 


0.250 


1.08 


0.80 


50 


.0197 




4 ( 


<< 


4.29 


1.50 


47 


.0207 


. 


<< 


i c 


10,91 


2.40 


45 


.0215 




(< 


t< 


23.86 


3-50 


46 . 


.0212 


3837 


1.066 


0.266 


3.345 


2.087 


69.9 


.0155 


44,400 


1.25 


0.312 


5.086 


3.463 


86.9 


.0136 


3837 


1.599 


0.400 


3-313 


3.478 


95.6 


.0132 


29,715 


1.667 


0.416 


0.947 


1.438 


72.4 


.0166 


4403 


1.667 


0.416 


1.55 


1.60 


64 


.0182 




t t 


(< 


4-83 


2.70 


60 


.0193 




if 


<< 


8.85 


3 60 


59 


.oi96> 




i( 


<( 


14.33 

1- 


4.50 


58 


.0200 








y^ 








8I7I 


1.667 


0.416 


0.23 .^>/xi 


0.949 


97.4 


.0124 




( 




(( 


0.44.1 W/l? 


1.488 


109.8 


.0115 

.QUO 




* 




('4 


0.73. ^wo 


1.925 


no. 7 




< 




<« 


i.04.,>>vi 


2.329 


112. 


.0116 




« 




(< 


i.34.«3^^ 


2.598 


no. I 


.0117 




I 




(t 


I.58tf3f7 


2.867 


III. 7 


.0115 




t 




<( 


I.QQ^Vt. 


3.271 


II3-5 


.0114 

.0110 




t 




n 


2.28,»»*7: 


3-439 


III. 7 




i 




(( 


2.7^0^*^ 


3.741 


III. I 


.0117 




t 




l< 


3.oo«»iVt 


3.920 


no. 8 


.0118 




t 




(< 


3.13^:^ 


4.000 


no. 7 


.0118 




« 




(( 


3-26 ^j 6 ( 


4.040 


no. 6 


.0118 



^^^Hj36 CENEKAL FOBMULA fox UlflFOXM FLOW OF IVATEK. ■ 

P Class A. Pipes. 1 


^^_ DBCwm » Plri. 


- 


OUiIrm ■ 


C««t In» Fofce Maid «t Philadelphia, Pa. 
EEevcn r^*" <>><>• 
One qoaner inrn. 

Quaatitr roeaiured ax poinps, sJ sl'P- 
Sialic bead, 313. leet. 


D»iach.i878. 


Wrought I»on Pipe at Cherokee. 

Inverted syphon with 887 feet depression. 
Fisc jtarain use. 

Velocity measured by flow through standard 
orifices. 


H. Smith, jr.. i3S6. 


Cast Iron Force Main at Philadelphia, Pa. 

Nine years oid. 

One cur*e of short radius. 

Quantity messureil at pumps, sJ slip. 

Static head, 190 leet. 


Darrach. 1673. 


Seven years old. 

Curves 25 feet radius: one t near discharge. 
Quantity measured at pumps. S< slip. 
Static bead, 11S.4 feet. 


Do. 


Seven years old. 

Curves 25 feet radius. 

Quantity measured at pumps. sJ slip. 

Sialic head, 100 feel. 


Do. 


. A 
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under Pressure. 



Length in 
Feet. 



Diameter in 
Feet. 



Mean 

Hydraulic 

Radius, 

in Feet, 

R 



Hydraulic 

Gradient or 

Slope per 

Thousand,', 

1000 S 



Mean 

Velocity in 

Feet per 

Second, 



Coefficient, 
in Formula 

c 



Coefficient 
of 
Rough- 
ness, 



I^ipe — Continued. 









^A 


1 






4320 


1.667 


0.416 


3.88 .^;j7 


2.71 


67.4 


.0175 




< ( 


II 


4.55.,iJV 


3.01 


69.2 


'^Hl 




4( 


(1 


5.2ioVi'V 


3.31 


71.0 


.0x68 




«< 


II 


5.88,#vMv 


3.61 


72.9 


.0x66 




«( 


II 


6.55.e»U^ 


3.91 


74.8 


.0x62 




l< 


<< 


7.22,oitt 


4.21 


76.8 


.0x58 




(t 


II 


7.89.^vfti 


4.51 


78.7 


.0x55 




II 


l< 


8.56^i^> 


4.81 


80.6 


.0153 




II 


(1 


9-22 o>V 


5." 


82.4 

1 


.0x49 


12,800 


2.43 


0.607 


11.72 


10.78 


127.8 


.OZIZ 


4400 


2.500 


0.625 


0.92 


1.070 


44.7 


.0269 




1 i 


II 


1.05 


1.205 


47.0 


.0258 




II 


€€ 


1. 18 


1.340 


49-3 


.0248 




l< 


II 


1. 31 


1.475 


51.5. 


.0238 




.** 


II 


1.44 


1. 610 


53.6. 


.0229 




ti 


€t 


1.58 


1-745 


55.6 


.0224 
..021& 




II 


it 


1. 71 


1.880 


57.6 




II 


II 


1.84 


2.015 


59-4 


.02x2 




<< 


II 


1.97 


2.150 


61.3 


.0206 




tl 


II 


2.10 


2.285 


63.1 


.0202 


12,400 


3.000 


0.750 


1.05 


1. 00 


35.7 


.0342 






II 


1.07 


I. II 


39-2 


.0315 






41 


1.09 


1.22 


42,7 


.0294 






11 


1. 12 


1.33 


46.1 


.0273 






II 


1. 14 


1.44 


49.4 


.0257 






II 


1. 16 


1.55 


52.6 


.0245 
.0236 






<l 


1. 19 


1.66 


55.8 






II 


1. 21 


1.77 


59-0 


.0222 






l( 


1.23 


1.88 


62.1 


.0213 






<< 


1.26 


2.00 


65.1 


.0203 


3700 


3.000 


0.750 


0.93 


1.58 


59-7 


.0218 




II 


€t 


1.09 


1.74 


60.9 


.0216 




«l 


l< 


1.25 


1.89 


61.8 


.0214 




<< 


ft 


1.40 


2.05 


63.2 


.0208 




11 


t€ 


1.56 


2.21 


64.6 


.0204 




l< 


tt 


1.72 


2.37 


66.1 


.0201 



|i5S aasEJCAL fOMMUiA rait tririFamM flow of watex. 

Class A. Pipes, 



JU-*-;: J. .i.---i 




OMXnm 


Cut Itm PipetCrome )C*£nj *t Nc« Tack. 


Kikwwd. 1367- 


tX/J. fiWofc 


BoRtester B^/ThhkI (scar Bona). 


Claike.* iSSS- 


of se»>ee only. In 41I1. ;th. wl btk BaogiogS. 
water coosiiled of i sewage aad | salt water. 





» See H. Smith. Jr.. '■ Hjrdraulic! 
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under Pressure. 



Length in 
Feet. 



Diameter in 
Feet. 



Mean 

Hydraulic 

Radius 

in Feet, 

R 



Hydraulic 

Gradient or 

Slope per 

Thousand, 

zooo 6* 



Mean 

Velocity in 

Feet per 

Second, 

V 



Coefficient, 
in Formula 



c 



Coefficient 
of 
Rough- 
ness, 
n 



I^ipe — Continued, 



11,217 



3.000 



0.750 



1.802 



3.000 



81.6 



.0x68 



Conduit. 



7166 


7.500 

i( 


1.875 

«« 


0.0414 
0.0726 
0.0790 


0.965 

0.929 
0.998 


109 

80 
82 


0147 
.0199 

.0195 


■ 


it 




0.5135 
.0.5547 

0.5812 


3.769 
3.798 
3-929 


121 

118 
119 


.0138 
.0141 
.0140 



l60 GENERAL FORMULA FOR UNIFORM FLOW OF WATER. 



Class B. Open Channels^ 



Location and Dbscription of Channel. 
Mbthod op Gauging. 



Authority. 



Autbor*s 
No. of 
Series. 



J. Channels Idned 



Teit Channel. 
Ncai cement. 
Senucircular. 


Darcy and Bazin,* 
** Recherches Hydrau- 
liques." Paris, 1865. 


24— I 
2 

3 

4 

5 
6 

7 
8 

9 
10 

II 

12 


Teit Channel. 

Two-ihird» cement and one-third ver>' fine 
sand. 
Semicircular. 


Do. 

1 
1 


25— I 

2 

3 

4 

5 
6 

7 
8 

9 
lo- 
ll 
12 


Test Channel. 
Neat cement. 
Rectangular. 


Do. 


2 — I 

2 
3 

4 

5 
6 

7 
S 

9 
10 

II 

12 


Channel at D^oa. Quoted by Knner. 
Roughly cemented. 





* In Durcy and Bazin*s experiments, measurements were made with floats, 
Darcy *s improved Pitot*s tube, or by measuring in advance the quantity fed to> 
channel. 
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Creeks, and Rivers. 



Surface 

Width ia 

Feet. 



Greatest 

Depth in 

Feet. 



Mean 
Hydraulic 
Radius in 

Feet, 
R 



Slope of 

Water Surface 

per 

Thousand, 

xooo S 



Mean 

Velocity 

per Second 

in Feet, 



Coefficient, 
in Formula 



- c 



Coefficient 
of 
Rough- 
ness, 



with Cement. 



2.874 


0.59 


0.366 


1.5 


3.02 


128.9 


.0102 


3.294 


0.83 


0.503 


(( 


3.72 


135.6 


.0103 


3.563 


1.03 


0.605 


«( 


4.16 


138.0 


.0104 


3.707 


1. 18 


0.682 


it 


4.60 


143.7 


.0103 


3.832 


1.34 


0.750 


<< 


4.87 


145. 1 


.0103 


3.924 


1.47 


0.809 


(« 


5.12 


147. 1 


.0103 


3.970 


1. 61 


0.867 


14 


5.29 


146.7 


.0104 


4.049 


1.72 


0.915 


(< 


5-51 


148.8 


.0104 


4.075 


1.83 


0.949 


<( 


5.75 


152.5 


.0102 


4.095 


1.94 


0.992 


<< 


5.91 


153.3 


.0102 


4.IOI 


2.05 


1.029 


(< 


6.06 


154.2 • 


.0102 


4.098 


2.08 


1.034 


«( 


6. II 


155. 1 


.0101 


2.913 


0.61 


0.379- 


1.5 


2.87 


120.5 


.0108 


3.360 


0.88 


0.529- 


•• V 


3.43 


122.0 


OII3 


3.616 


1.09 


0.635- 


<< 


3.87 


125.3 


.0114 


3.760 


1.24 


0.706- 


«< 


430 


132.1 


.0110 


3.891 


1. 41 


0.787* 


(< 


4.51 


131. 3 


.0113 


3.963 


1.54 


0.839^ 


<< 


4.80 


135.3 


.0111 


4.029 


1.69 


0.900:^ 


<l 


4.94 


134.5 


.0113 


4.068 


1.80 


0.941 , 


<( 


5.20 


138.3 


.0111 


4.088 


1.92 


o,98> 


«C 


5.38 


140. 1 


.0110 


4.095 


1.98 


1.006 » 

1 


<< 


5.48 


141. 


0109 


4.095 


2.04 


1.022 ; 


(( 


5.55 


141. 7 


.0109 


4.095 


2.09 


1.038- 


«< 


5.66 


143.5 


.0108 


5.94 


0.18 


0.168 V 


4.9 


3.34 


" 116. 5 


.0096 


t < 




0.28 


0.251 


< • ♦ 


4.39 


125. 1 


.0098 


( 




0.36 


0.322 




5.04 


126.9 


.0101 


4< 




0.43 


0.375 




5.68 


132.4 


.0100 


H 




0.50 


0.430 




6.08 


132.4 


.0103 


<< 




0.56 


0.474 




6.51 


135. 1 


0103 


« 




0.63 


0.518 




6.83 


135.5 


0104 


<l 




0.69 


0.558 




7.12 


136.2 


0104 


n 




0.76 


0.595 




7.41 


137.2 


0105 


(< 




0.80 


0.632 




7.63 


137.2 


0106 


t 




0.86 


0.665 




7.86 


137.8 


0107 


if 


0.91 


0.696 




8.07 ^ 


138.2 


OZO6 






0.407 


0.940 


2.081 


106.4 


0120 



l62 GENERAL FORMLLA FOR UNIFORM FLOW OF WATER. 



Class B. Open Channels, 



Location and Description of Chamnbu 
Method of Gauging. 



Authority. 



Author's 
No. of 
Series. 



Channels Lined tvith 



Mill Race at Idria, Hungary* 

Cement plaster over rubble masonry. 
Trapezoidal, bottom width, 3.30 feel. 


Rixtinger,* 1855. 


I 


Dhuys Aqueduct, near Paris. 

Cement surface. 
Rectangular. 


Quoted by Kutter. 




Sudbury Conduit in Massachusetts. 

PluJiier of pure cement over brickwork. 
Sectional shape, see Category III. 
490 feet long. 


Fteley and Stearns,f 
1880. 





Ilm Channels Lined with 



Test Channel. 

Carefully planed boards. 
Rectangular. 


Darcy and Bazin, 
** Recherches Hydrau- 
liques/* Paris, 1865. 


29 — I 

2 

3 
4 
5 


Same. 


Do. 


28—1 
2 

3 
4 

5 
6 

7 


Flume in Venezuela. 

Very hard wood, sawed quite smooth. 
Rectangular. 


Proc. Engr's Club of 
Phila., vol. i. p. 36. 





* See Bornemann, ** Der Civil Ing6nieur," 1869. Rittinger's experiments 
were made under instructions of the Austrian government. Stretches were at 
least 120 fee^ long, straight or nearly so, with slope, cross-section, and velocity 
approximately uniform. Velocity was obtained from cubic measurement in 
tanks or other vessels. Slopes and mean radii given in the table are averages 
for total length. 

+ See * Hydraulics,** by H. Smith, Jr. 
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Creeks, and Rivers. 



Surface 

Width in 

Feet. 



Greatest 

Depth in 

Feet. 



Mean 
Hydraulic 
Radius in 

Feet, 
R 



Slope of 

Water Surface 

per 

Thousand, 

1000 >^' 



Mean 

Velocity 

per Second 

in Feet, 

V 



Coefficient, 
in Formula 

c 



Coefficient 

of 

Rouf^h- 

nesi, 

n 



Cement — Continued, 





2.04 


0.977 


0.5 


2.523 


114. 1 


.0130 




• 


0.984 


O.IOO 


1. 148 


II5-3 


.0124 




3.071 

3-575 
3-768 


1.863 
2.048 
2. Ill 


0.1606 
0.1596 
0.1580 


2.529 

2.672 
2.805 


146.2 

147-9 
153.6 


.0114 
.0114 

.0111 



boards or Canvas. 



0.328 


037 


0.030 


15-2 


1.87 


87.5 


.0084 


<• 


0.058 


0.043 


t( 


2.30 


90.0 


.0087 


(( 


0.078 


0.053 


l< 


2.68 


94-4 


.0089 


(C 


0.097 


0.061 


<< 


3-00 


98.5 


.0089 


«< 


0.134 


0.074 


t€ 


3.56 


106.4 


.0088 


0.328 


0.04 


0.029 


4-7 


0.90 


76.5 


.0090 


(« 


0.08 


0,052 


>( 


1.30 


83.0 


.0096 


<< 


O.II 


0.066 


t« 


1.58 


89.4 


.0097 


tl 


0.14 


0.075 


it 


1-74 


92.7 


.0097 


t€ 


0.17 


0.084 


€t 


1.94 


97-6 


.0095 


(1 


0.20 


0.091 


ti 


2. II 


102. 1 


.0094 


(< 


0.22 


0.093 


tt 


2.16 


103.2 


.0097 


0.58 


0.25 


0.134 


3.0 


2.3 


114. 7 


.0093 



^^B CEXEKAl eOKMULA FOR U^lFOR.V FLOW OF H'ATEi^^^^k 

^H Class B. Open Channele, 1 


^^1 HrmoD nr Gaucihc 


— 




ChauneU Lined with Boards ] 


Hill Race at Berne. 

Sawed boards. 

RecunguUr. 

Floats and also known qimoiiiy of water. 


Kuiter, 1865. 




Two Small Wooden Channels. 


Dubuat. 




Race of Schattbei^ Stamp UiU in Hun- 
Wooden [rough. 
Tiapeioidal: boitom width, r. 04 feel. 


Riitinger.* 135;. 


_m 


Race of Josefiatoll Stamp Mill in Hungary. 

Wooden trough. 

1 — 


Do. 


m 


Mill Race at Idria, Hungary. 
Wooden (tough. 
Rectangular; boilom width. 1.22 feet. 


Do. 




Mill Race at Schemnitz, Hungary. 
Wooden trough. 
Semi octagonal; bottom width, 0.81 feet. 


Do. 


1 
1 


Test Channel. 

Planed boards. 
Semiciicular. 


Darcy and Baiin, 
"Recherches Hydrau- 
liques," Paris, 1865. 


z6 —I 


* See (ootnnle Cale^ory I. ^^^H 



TABLES FOR PRACTICAL USE, 



l6S 



Creeks, and Rivers. 



Surface 

Width in 

Feet. 



Greatest 

Depth in 

Feet. 



Mean 
Hydraulic 
Radius in 

Feet, 
R 



Slope of 

Water Surface 

per 

Thousand, 

xooo S 



Mean 

Velocity 

per Second 

in Feet, 



Coefficient, 
in Formula 



c 



Coefficient 
of 
Rough- 
ness, 



or Canvas — Continued, 



2.95 


0.06 


0.118 


17.00 


3.969 


88.5 


.0110 






0.198 


0.71 


1.075 


91. 1 


.0115 


1-53 




0.259 


O.IO 


1.509 


92 9 


.0110 




0.24 


0.159 


34.3 


8.261 


III. 9 


.0098 




0.26 


0.173 


<( 


8.213 


106.6 


.0104 




0.38 


0.237 


«< 


10. Ill 


112. 1 


.0105 




0.41 


0.246 


(( 


10.635 


115. 8 


.0103 




O.II 


0.097 


24.6 


3.376 


69.1 


.0125 




0.23 


0.202 


(( 


6.054 


85.9 


.0125 




0.30 


0.245 


<» 


9.186 


118. 3 


.0102 




0.35 


0.277 


«< 


8.765 


106.2 


.0113 




0.42 


0.317 


It 


9.502 


107.6 


.0115 




0.51 


0.363 


*€ 


10.501 


III. I 


.0115 




0.68 


0.323 


2.0 


2.787 


109.7 


.0112 




0.41 


0.264 


05 


1.084 


94.3 


.0119 




0.49 


0.303 


(1 


1.289 


104.8 


.0X12 




0.66 


0.371 


tt 


1.644 


120.7 


.0x05 




0.73 


0.39^ 


<« 


I. 891 


134.4 


.0097 


3.16 . 


0.63 


0.390 


1-5 


2.61 


107.8 


.OXX7 


3 


.62 ' 


0.88 


0.537 


«< 


323 


113. 8 


.0119 


3 


.89 ! 


1.07 


0.632 


t( 


3.71 


120.6 


.01x7 


4 


08 


1.24 


0.717 


«( 


4.04 


123.0 


.01x8 


4. 


24 


1.40 


0.796 


<< 


• 4.25 


123.2 


.0110 

.oxx8 


4 


• 33 


1.53 


0.856 


<( 


4-51 


125.8 


4 


•43 


1.68 


0.921 


«< 


. 4.64 


124.7 


.0I2X 


4 


.48 


1.79 


0.964 


*< 


4.87 


128.2 


.01x9 


4 


.53 


1.92 


1. 015 


it 


5.00 


128.2 


.0x19 


4 


.56 


2.02 


1.054 


(< 


5.18 


130.3 


.0XX9 


4. 


59 


2.14 


1.096 


ti 


5.29 


130.4 


.01x9 


4 


•59 


2.24 


1. 129 


t€ 


5.45 


132.3 


.01x8 


4.59 

1 


2.29 


1. 143 


*t 


5-54 


133-5 


.01x8 



l66 GENERAL FORMULA FOR UNIFORM FLOW OF WATER, 

Class B. Open Channels^ 



Location and Description op Channel. 
Method of Gauging. 



Authority. 



Author^s 
No. of 
Series. 



Channels Lined with Boards 



Test Channel. 

Un planed boards. 
Rectangular. 


Darcy and Bazin, 
"Recherches Hydrau- 
liques," Paris, 1865. 


20 — I 

4 

5 
G 

7 
G 



Test Channel. 

Unplaned boards. 
Rectangular. 

* 


Do. 


19 — I 

r» 

4 

5 
6 

7 
8 

9 
10 

II 


Test Channel. 

Unplaned boards. 
Rectangular. 


Do. 


18 — r 

2 

3 

4 

5 
6 

7 
8 

• 9 
10 

II 

12 


Test Channel. 

Unplaned boards. 
Rectangular. 


Do. 


II — I 
2 

3 

4 

5 
6 

7 



TABLES FOR PRACTICAL USE, 
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Creeks, and Rivers. 



Surface 

Width in 

Feet. 



Greatest 

Depth in 
Feet. 



Mean 
Hydraulic 
Radius in 

Feet, 
R 



Slope of 

Water Surface 

per 

Thousand, 

1000 iT 



Mean 

Velocity 

per Second 

in Feet, 



Coefficient, 
in Formula 



c 



Coefficient 
of 
Rough- 
ness, 
n 



or Canvas — Continued. 



1.58 


0.34 


0.237 


6.0 


3-57 


94-5 


.0120 




0.44 


0.281 


<( 


4.00 


97.3 


.0122 




0.50 


0.304 


<( 


4.20- 


98.3 


.0123 




0.53- 


0.317 


tt 


423-. 


97.1 


.0125 




0.62 


0.347 


tt 


4.67 


102.3 


.0122 




0.70 


0.372 


tt 


4.94- 


104.6 


.0121 




0.79 


0.393 


tt 


5. II 


105.3 


.0122 




0.87 


0.412 


tt 


5.26 


105.7 


.0123 




0.95 


0.431 


tt 


5-49" 


107.9 
94.0 


.0121 


2.63 


0.26 


0.214 


4.3 


2.85 


.0119 




0.39 


0.299 


»( 


3.47 


96.9 


.0124 




0.50 


0.364 


tt 


4.14- 


104.6 


.0121 




0.60 


0.412 


tt 


4-54 


107.8 


.0120 




0.71 


0.461 


tt 


4.91 


no. 4 


.0120 




0.81 


0.499 


It 


5.12 


110.5 


.0123 




0.90 


0.535 


tt 


5-41 


112. 7 


.0121 




0.99 


0.563 


tt 


5.60 


113. 9 


.0121 




1. 17 


0.618 


tt 


5.92 


114. 9 


.0123 




1.33 


0.662 


tt 


6.23 


116.7 


.0123 




1.50 


0.700 


tt 


6.48 


118. 1 


.0123 


3.93 


0.27 


0.235 


4.9 


3.37 


99.1 


.0116 


» % 


0.41 


0.341 


«4 


4-43 


108.3 


.0116 


4( 


0.55 


0.42S 


tt 


5-05 


no. 2 


.0119 


(( 


67 


0.498 


*t 


5.54 


112. 3 


.0120 


<< 


0.78 


0.558 


tt 


5-94 


II3-7 


.0121 


(t 


0.89 


0.612 


tt 


6.26 


114. 3 


.0123 


4< 


1. 00 


0.661 


tt 


6.«;o 


1 14. 2 


.0125 


<< 


1. 10 


0.703 


tt 


6.76 


115. 3 


.0125 


t€ 


1. 19 


0.741 


tt 


7.00 


116. 1 


.0125 


«* 


1.29 


0.777 


tt 


7.20 


116. 7 


.0126 


(( 


1-37 


0.808 


t t 


7.42 


118. 


.0125 


(< 


1.46 


0.839 


it 


7.59 


118. 4 


.0126 


\/ 6.50 


0.15 


0.146 


8.39 


3-54 


lOI.I 


.0104 


»4 


0.24 


0.224 


(t 


4-57 


105.4 


.OTO9 


(< 


0.37 


0.334 


(( 


6.00 


113. 4 


.0111 


*( 


0.49 


0.424 


t( 


6.89. 


115. 5 


.0115 


<< 


0.59 


0.500 


(( 


7.57 


116. 8 


.0117 


** 


0.68 


0.565 


<i 


8.19 


118. 9 


.0118 


tt 


0.77 


0.621 


(t 


8.74 


121. 


.0117 



1 68 GENERAL FORMULA FOR UNIFORM FLOW OF WATER, 

Class B. Open Channels, 



Location and Description of Channel. 
Method op Gauging. 



Authority. 



Author's 
No. of 
Series. 



Channels Lined with Boards 



Test Channel. 

Unplaned boards. 
Rectangular. 


Darcy and Bazin, 

1865. 

• 


10^ I 
2 

3 

4 

5 
6 

7 


Test Channel. 

Unplaned boards. 
Rectangular. 


Do. 


9— I 
2 

3 

4 

5 
6 

7 


Test Channel. 

Unplaned boards. 
Reciangular. 


Do. 


8— I 
2 

3 
4 

5 
6 

7 
8 

9 
10 

II 

12 


Test Channel. 

Unplaned boards. 
Rectangular. 

• 


Do. 

• 


7— 1 
2 

3 

4 
5 
6 

7 
8 

9 
10 

II 

12 
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Creeks, and Rivers. 



Surface 

Width in 

Feet. 



Greatest 

Depth in 

Feet. 



Mean 

Hydraulic 

Radius, 

in Feet, 

R 



Slope of 

Water Surface 

per 

Thousand, 

zooo .V 



Mean 

Velocity in 

Feet per 

Second, 



Coefficient, 
in Formula 



Coefficient 
of 
Rough- 
ness, 
n 



€T Canvas — Continued, 



6.52 


0.18 


0.172 


5.9 


2.99 


93-7 


.0114 


(( 


0.28 


0.255 


(* 


J. 98 


102.7 


.0115 


« t 


0.43 


0.376 


" » 


5-23 


III. I 


.0116 


(1 


0.55 


0.472 


(( 


6.06 


114. 8 


.0117 


(< 


0.67 


0.554 


^t 


6.69 


T17.0 


.0119 


(* 


0.77 


0.623 


^^ 


7.24 


119-3 


.0119 


t( 


0.87 


0.686 


t( 


7.71 


121. 1 


.0119 


6.51 


0.30 


* 

0.276 


1-5 


1.80 


88.3 


.0130 


• i 


0.46 


0.406 


(i 


2.37 


96.3 


.0131 


(< 


0.72 


0.590 


(« 


3.10 


104.2 


.0132 


i ft 


0.92 


0.720 


4t 


3-63 


no. 4 


.0130 


i4 


1. 10 


0.824 


<( 


4-05 


115. 1 


.0128 


t\ 


1.27 


0.912 


(( 


4.41 


119. 1 


.0127 


t ( 


1.44 


0.998 


^^ 


4.66 


120.4 


.0128 

< 


J 6.53 


* 

0.15 


147 


8.24 


3-52 


101.4 


.0104 




0.25 


0.231 


1 1 


4.42 


101.4 


.0114 




0.32 


0.289 


<( 


5-23 


107. 1 


.0114 




0.38 


0.341 


(( 


5-83 


109.8 


.0115 




0.45 


0.393 


(t 


6.24 


109.7 


.0117 




0.50 


0.431 


n 


. 6.74 


113. 1 


.0117 




0.54 


0.466 


(i 


7.17 


115. 8 


.0117 




0.60 


0.506 


(( 


7.44 


115-2 


.0118 




0.65 


0.541 


tt 


7.73 


115-8 


.0119 




0.69 


0.572 


<t 


8.03 


116. 9 


.0119 




0.74 


0.604 


(( 


8.26 


117. 1 


.0120 




0.78 


0.630 


It 


8.57 


119.0 


.0119 


V ^-53 


0.20 " 


0.188 


4.9 


2.71 - 


89.3 


.0120 


V * 1 


0.30 


0.272 


(t 


3-70 


101.2 


.0117 




0.38 


0.342 


ii 


4-35 


106.2 


.0118 




0.46 


0.402 


(( 


4.85 


109.4 


.0119 




0.53 


0.453 


(( 


5-29 


112. 2 


.0119 




0.60 


0.504 


tt 


5.61 


113-0 


.0120 




0.66 


0.547 


€t 


5.93 


"4-5 


.0120 




0.72 


0.587 


i< 


6.23 


116. 1 


.0120 




0.78 


0.628 


€t 


6.45 


116. 4 


.0122 




0.83 


0.662 


€t 


6.71 


T17.8 


.0121 




0.89 


0.698 


l( 


6.90 


117. 9 


.0122 




0.94 


0.727 


(( 


7.15 


119. 8 


.0122 



tj^> Cg.:^rEJt.AZ^ F23J€Z1^ fC3L UXZ^ZUi FZ^W ZF WAT£. 



& Opa Cha»»elis 









Axcnar'& 






JI31I2S,. * 






— »a. 






TentCbaamd 



Do. 



• i. . y 



I 

3 

5 
4 



II 

12 



- I 
2 

3 
4 
5 

7 
5 

9 
lo 

II 



4 



9 

lO 

II 

12 
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Creeks, and Rivers. 



Surface 

Width in 

Feet. 



Greatest 

Depth in 

Feet. 



Mean 
Hydraulic 
Radius in 

Feet, 
R 



Slope of 

Water Surface 

per 

Thousand, 

10006" 



Mean 

Velocity 

per Second 

in Feet, 

V 



Coefficient, 
in Formula 

c 



Coefficient 

of 

Rouf^h- 

ness, 

H 



or Canvas — Continued, 



^ 6.53 


0.26 


0.240 


2.08 


2.08 


93.2 


.0122 






0.41 


0.363 


(4 


2.69 


97.8 


.0129 






0.53 


0.453 


(( 


3.16 


102.8 


.0128 






0.63 


0.528 


<i 


3.53 


106.5 


.0128 






0.73 


0.601 


<< 


3-78 


106.9 


.0130 






0.81 


0.648 


€€ 


4.13 


112. 5 


.0126 






0.90 


0.704 


it 


4.34 


113.5 


.0127 






0.99 


0.759 


tt 


4.51 


113. 5 


.0128 






1.06 


0.801 


t( 


4.72 


115. 8 


.0128 






1.14 


0.846 


<t 


4.88 


116. 3 


.0128 






1.20 


0.880 


t€ 


5.09 


119. 


.0126 






1.28 


0.922 


€t 


5.21 


118. 9 


.0128 


1.85 


0.92 


0.327 


4.9 


4.13 


103.. I 


.0120 


2.39 


1. 19 


0.422 


4 » 


5.02 


no. 4 


.0118 


2.79 


1.40 


0.494 


(( 


5.56 


II3-0 


.0119 


3.10 


1.55 


0.549 


t( 


6.03 


116. 2 


.0119 


. 3.38 


1.69 


0.597 


€t 


6.36 


117. 6 


.0119 


' 3-64 


1.82 


0.643 


tt 


6.5Q 


II7-3 


.0121 


3.86 


1.93 


0.683 


tt 


6.83 


118. 


.0122 


4.07 


2.03 


0.719 


<t 


7.03 


118. 4 


.0123 


4.26 


2.13 


0.752 


tt 


. 723 


119. 


.0122 


4-43 


2.22 


0.783 


tt 


7.40 


II9-5 


.0124 


4.61 


2.30 


0.814 


tt 


7-54 


119-4 


.0124 


4.75 


2.37 


0.839 


(< 


7.75, 


120.9 


.0123 


3.40 


0.30 


0.257 


4.9 


3-58 


100.7 


.0117 


3.56 


0.46 


0.361 


(( 


4.7T 


112. 1 


.0114 


370 


0.60 


0.450 


tt 


5.29 


112. 7 


.0118 


3.83 


0.72 


0.517 


tt 


5-79 


115. 1 


.0118 


3-93 


0.83 


0.570 


tt 


6.25 


T18.2 


.0118 


4.04 


0.94 


0.624 


tt 


6.51 


117. 7 


.0120 


4-13 


1.03 


0.665 


tt 


6.85 


120.0 


.0119 


4.22 


1. 12 


0.707 


tt 


• 7-05 


119. 8 


.0121 


4-30 


1.20 


0.740 


tt 


7-37 


122.4 


.0119 


4.39 


1.28 


0.775 


tt 


7.57 


122.9 


.0119 


4.46 


1.36 


0.807 


tt 


7.76 


123.4 


.0120 


4.54 


1.44 


0.837 


tt 


7-93 


123.8 


.0120 



\J2 aiuWERAL I'VA'MULA FOR UNIFORM FLO IV OF WATER. 



<^lass B. Open Channels^ 



l^t* Allow AN» I>KSf:i<ll'TION OF CHANNEL. 

Mkimod of Gau(;inc. 



AtnUORITT. 



Antbor's 
No. of 



Channels Lined with boards 



T«»t ChAnneL 

\Ut\AiiuM\ boardi. 


i 


Darcy and Bazin, 
'* Recherches Hydraa- 
liques/' Paris, 1865. 


21 — I 

2 

3 
4 

5 
6 

7 

8 

9 
10 

II 

12 


Tcft Channel. 

Sinooih boards, covered with stout canvas. 

'I h« lining: rounded the lower corners to 
soni<* exicrnt, (tiid caused notable undula- 
tiofiH in the surface. 


Do. 


30— I 

2 

3 
4 

5 
6 


Te»t Channel. 

Smooth boards, covered with s(out canvas. 
Kcctati^ular. 


Do. 


31— I 

2 

3 

4 

5 
6 

7 
8 

9 


Wooden Flume near Boston. 

About 2500 feet lofjg; straight. 

.Square section, 6x6 ifcet, with plank laid 
Icn^^thwise. 

In 1st and 2d gaugings water consisted of 
sewage only, in 3d of i sewage and f salt 
water. 


Clarke, 1885.* 





See H. Smith, Jr., '* Hydraulics," 18S6 
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173 



Creeks, and Rivers. 



Surface 

Width in 

Feet. 



Greatest 

Depth ia 

Feet. 



Mean 
Hydraulic 
Radius ia 

Feet, 
R 



Slope of 

Water Surface 

per 

Thousand, 

zooo S 



Mean 

Velocity 

per Second 

in Feet, 

V 



Coefficient, 
in Formula 



v = c^KS, 

c 



Coefficient 
of 
Rough- 
ness, 



or Canvas — Continued, 



4.08 


0.40 


0.334 


1.5 


2.39 


107.0 


.0117 


4-54 


0.63 


0.485 


<< 


2.93 


108.5 


.0124 


4.87 


0.79 


0.586 


tt 


3.35 


113. 


.0I2A 
.0120 


5.18 


0.95 


0.673 


tt 


3.62 


113. 8 


5.44 


1.08 


0.744 


tt 


3.85 


115.4 


.0126 


5.70 


1. 21 


0.809 


tt 


4.03 


115-7 


.0128 


592 


1.32 


0.864 


tt 


•4.20 


116.7 


.0128 


6. II 


1. 41 


0.9II 


tt 


4-39 


118. 9 


.0127 
.0128 


6.31 


1. 51 


0.959 


tt 


4.51 


119. 


6.49 


1.60 . 


1.002 


tt 


4.64 


119. 7 


.0128 


6.49 


1.69 


1.047 


(( 


' 4.76 


120.2 


.0128 


6.49 


1.77 


1.097 


(( 


4.87 


120. 1 


.0129 


0.31 


0.05 


0.038 


8.1 


0.72 


40.7 


.0148 


(( 


0.06 


0.046 


it 


0.89 


46.1 


.0142 


<( 


0.08 


0.055 


** 


I. II 


52.5 


.0136 


(< 


O.II 


0.067 


tt 


1.33 


56.9 


•0135 


t( 


0.15 


0.078 


tt 


1. 51 


59.8 


•0135 


(( 


0.27 


0.102 


tt 


1.88 


65.3 


•0134 


0.31 


0.04 


• 0.031 


15.2 


0.69 


31.8 


.0163 


** 


0.05 


0.040 


tt 


0.82 


33.2 


.0166 


tt 


0.07 


0.051 


(t 


1. 19 


42.8 


.0154 


« 


0.08 


0.054 


(( 


1.25 


43-7 


.0152 


•«- 


O.II 


0.066 


<( 


1.55 


49.0 


.0148 


«< 


O.II 


0.067 


tt 


1.62 


50.7 


•0147 


(< 


0.15 


0.079 


(* 


1. 91 


550 


•0144 


<< 


0.19 


0.089 


(( 


2.12 


57.6 


.0144 


<< 


0.23 


0.095 


tt 


2.23 


58.7 


.0143 


6.00 




1. 41 


0.427 


2.87 


"7 


.0136 






1.45 


0.435 


2.94 


"7 


.0136 






1.50 


0.843 


4.80 


135 


.0120 



174 GENERAL FORMULA FOR UNIFORM FLOW OF WATER. 

Class B. Open Gbannels, 



III. Cliannela lAned with Briekworli 



Chtuilly Canal. 

Section exiremely regular; sides of ashlar 
large-sized sionea, smoothly dressed. 


"ReYherchU 
liques," Paris 


Bazin. 
Hydtau- 
1865. 


39— I 

3 


Spillway of Grosbois Reservoir 

Ashlar with cement] nts boltoin, not as 
smooth as sides pdttlv damaged and cov- 
ered with light \er) sticky and slimy de- 
posit. 

Nearly rectangular 


Do. 


33— I 

3 
4 


Groabois Canal ^ ^ y 

lar than bottom joints ' f \ 

deposit, 1 
Sides nearly ven.cal 1 
flat segmental invert t ^ 


Do, 


3 
4 


Test Channel. 

Rrickivork, fairly smooth. 
Rectangular. 


Do. 


3— I 

3 
4 

5 
6 
7 
8 
9 



TABLES FOR PRACTICAL USE, 
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Greeks, and Rivers. 



Surface 

Width in 

Feet. 



Greatest 

Depth in 

Feet. 



Mean 
Hydraulic 
Radius in 

Feet, 
R 



Slope of 

Water Surface 

per 

Thousand, 

1000.9 



Mean 

Velocity 

per Second 

in Feet, 



Coefficient, 
in Formula 

c 



Coefficient 

of 

Rough' 

ness, 

H 



or Dressed Ashlar Masonry. 



4.04 


0.50 


0.41 


8.1 


5.73 


100. 


.0129 


4.10 


0.78 


0.57 


«« 


7-52 


III.O 


.0126 


4.14 


1. 00 


0.68 


t( 


8.19 


IIO.O 


.0130 


4.18 


1.20 


0.77 


it 


8.75 


III.O 


.0132 


5.98 


0.36 


0.324 


lOI.O 


12.29 


67.9 


.0168 


6.01 


0.55 


0.467 


1 1 


16.18 


74.5 


.0168 


6.05 


0.71 


0.580 


(( 


18.68 


77.2 


.0170 


6.07 


0.84 


0.662 


(« 


21.09 


81.6 


.0167 


6.35 


1.66 


0.98 


0.305 


1.32 


77 


.0185 


6.40 


2.21 ■ 


1.29 


0.308 


1.90 


95 


.0161 


6.46 


2.75 


1.49 


0.331 


2.12 


96 


.0165 


6.50 


3.12 


1.60 


0.347 


2.47 


105 


.0154 


6.27 


0.20 


0.192 


4.9 


2.75 


89.7 


.0121 






0.31 


0.284 


t( 


3.66 


98.3 


.0122 






0.41 


0.365 


<i 


4.18 


98.8 


.0127 






0.49 


0.424 


«( 


4.72 


103.7 


.0126 






0.57 


0.481 


ti 


5.10 


105. 1 


.0128 






0.65 


0.540 


*t 


5.33 


103.7 


.0131 






0.71 


0.582 


ti 


5.68 


106.3 


.0130 






0.77 


0.620 


tt 


6.01 


109.0 


.0129 






0.85 


0.668 


it 


6.15 


107.4 


.0132 






0.90 


0.697 


<( 


6.47' 


no. 8 


.0130 






0.97 


0.739 


tt 


6.60 


109.7 


.0132 






1.04 


0.779 


tt 


6.72 


108.7 


.0134 

1 



yy(j G£A£,diAL fOMMCLA fOJ< l\h':fCJ:Ji FLOW OF WATER. 

ClaiHs B. Open duumelsi^ 






A-TTraaiDKZST. 



I Xo. of 

I 



Cfta«JM£9 Limed mrUh ^HHewrotit or 



Smdbufj CaaduH in ICassaciiasetts. 

H^u-d if kk. cmoQtis surface, with nsortar- 
jo'wvf wf:'A miidf:; stzrlacc carcfoJj scraped 
cleau' of ioT^j^n sut^iaiaces. 

Boitoa fl<4>e, per tboasacd, abofst Q.16. 

Lengtij, 600 f<ret- 

V«]<xit7. <^>caised from weir mcasiire- 
fjaesif^ inaide with ^eat care. 




Sndbniy Coiidiut in Massachusetts. 

Hard brick, smooth surface^ with mortar- 
joints well made; fairly clean. 

Cross-section same as above. 

Bottom slope, per thousand, about 0.189. 

Velocity, obtained from weir measure- 
ments, made with great care. 

The first nine measurements were made 
in the lower section, 4200 feet long: the 
second nine measurements were made in 
the upper section, 5294 feet long. 



Fte jer aiod 
iSso. 



Do. 



♦ See H. Smith. Jr., '* Hydraulics," 1886. 



TABLES FOR PRACTICAL USE, 
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Creeks, and Rivers. 



Surface 

Width in 

Feet. 



Greatest 

Depth in 

Feet. 



Mean 

Hvdraulic 

Radius, 

in Feet, 

R 



Slope of 

Water Surface 

per 

Thousand, 

zooo S 



Mean 

Velocity in 

Feet per 

Second, 

V 



Coefficient^ 
in Formula 



V = c^RS, 

c 



Coefficient 

of 
Rough- 
ness, 

H 



I>res8ed Ashlar Mason/ry — Continued, 





1. 415 


1. 016 


0.0140 


0.443 


117. 3 


.0108 




1. 187 


0.858 


0.0246 


0.550 


119. 8 


.0103 




1.404 


1.008 


0.0383 


0.789 


126.9 


.0106 




1.328 


0.957 


0.0746 


1.064 


125.9 


.0112 




1.076 


0.778 


0.0983 


1.098 


125.6 


.0110 




1. 175 


0.850 


0.III5 


1. 241 


127.5 


.0111 




0.820 


0.577 


0.1596 


1. 149 


119.7 


.0X10 




0.939 


0.673 


0.1633 


1.298 


123.9 


.0111 




0.719 


0.493 


0.1640 


1.079 


120.0 


.0113. 




1.233 


0.891 


0.I70I 


1.569 


127.4 


.0114 




1.224 


0.885 


O.I7I5 


1.577 


128.0 


.OZI4 




1.055 


0.762 


0.1742 


1.423 


123.6 


.01x4 




1. 041 


0.751 


0.1803 


1.439 


123.6 


.01x4 




1. 518 


1.078 


0.1928 


1.827 


126.7 


.01x9 




2.014 


1.372 


0.1909 


2. 131 


131. 6 


.0120 




2.037 


1.385 


0.1922 


2.139 


131. 1 


.0120 




2.513 


1.625 


0.1923 


2.351 


133.0 


.0X22 




2.519 


1.628 


0.1924 


2.372 


134.0 


.0X21 




3.010 


1.843 


0.1888 


2.564 


137.5 


.0I2X 




3.561 


2.049 


0.1929 


2.720 


137.2 


.0123 




4.012 


2.192 


0.1895 


2.831 


138.9 


.0123 




4.552 


2.333 


0.1922 


2.926 


138.2 


.0x25 




1.505 


1. 071 


0.1893 


1.844 


129.5 


.01X6 




2.003 


1.367 


0.I90I 


2.143 


133.0 


.0118 




2.023 


1.378 


0.I90I 


2.155 


133.2 


.0x18 




2.499 


1.619 


0.1899 


2.366 


134.9 


.0X20 




2.499 


1. 619 


0.I92I 


2.395 


135.8 


.0120 




3.002 


1.840 


0.1903 


2.572 


137.5 


.0X2X * 




3.548 


2.044 


0.I90I 


2.731 


138.6 


.0X22 




4.008 


2.190 


0.1886 


2.834 


139.5 


.0X22 




4.541 


2.330 


0.1889 


2.937 


140.0 


.0x23 



1 i;8 aiiXlSKAL FORMULA FOR UNIFORM FLOW OF WATER. 1 

^^B Class B. Open Channels, 1 


MithodofGaucins. 




Series. ■ 


Cfcannefs Lined with Brickwork or 1 


Sudbury Conduit in MaiMchnaetts. 

Huril brick, smooth Fur(«ce. with mortar- 
1 Joliilii wall made; Uirty clc»n. 

CruU'Bccduti sume ns above. 

Itoltom ■lope, per ihousund, about o.iSq 
Surfiice »lopc vbtIm considerebly, hence 
eromi-iocllons aitil flow are not uni[orm 
Vulur» iilveii iicc Hvemgei. 

In Ihe lower section, 4300 (eet long; the 

' the upper icction. 5194 feet long. 

\ 


Fleley and Stearns, 
18S0. 




Sudbury Conduit in MMsacbusetts. 

tioliom of conirele; sides for 4363 tee 
1 rough rocltwork, and lor 35a (eel brickworli 
with plaster of cemcni. 


Do. 




Bottom of neal cement; sides brick, c-re 
fully jointed. 

Nearly rectangular. 


Darcy and Bazin 
"Recherches Hydrau 
liqucs," Paris. 1865. 


... 


U J 



TABLES FOR PRACTICAL USE, 
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Creeks, and Rivers. 



Surface 

Width in 

Feet. 



Greatest 

*Depth in 
Feet. 



Mean 
Hydraulic 
Radius in 

Feet, 
R 



Slope of 

Water Surface 

per 

Thousand, 

zooo S 



Mean 

Velocity 

per Second 

in Feet, 



Coefficient, 
in Formula 

c 



Coefficient 
of 
Rough- 
ness, 

n 



Dressed Ashlar Masonry — Continued. 





3.971 


2.179 


0.0493 


1.432 


138. 1 


.01x9 




4.348 


2.284 


0.0668 


1. 716 


138.9 


.0122 




2. 811 


1.759 


0.1043 


1.820 


134.4 


.0121 




2.212 


1.478 


0.1445 


1. 912 


130.9 


.0121 




a. 735 


1.727 


0.1548 


2.198 


134.5 


.0X22 




3.177 


1.909 


O.163I 


2.406 


136.4 


.0X22 




2.065 


1.400 


0.1795 


2.071 


130.6 


.0121 




4.574 


2.338 


0.1860 


2.909 


139.5 


.0123 




2.002 


1.366 


0.1998 


2. 161 


130.8 


.0120 




3.963 


2.177 


0.2006 


2.888 


138.2 


.0123 




2.463 


I 602 


0.2041 


2.416 


133.6 


.0X2X 




3-440 


2.006 


0.2070 


2.792 


137.0 


.0123 




2.940 


1. 814 


0.2082 


2.630 


135.3 


.0122 




3.713 


2.099 


O.241I 


3.098 


137.7 


.0123 




4.390 


2.294 


0.2600 


3.386 


138.6 


.0124 




4.672 


2.359 


0.0334 


1.207 


136.0 


.0122 




4.972 


2.417 


0.0488 


1-497 


137.9 


.0X22 




3.319 


1.963 


0.0625 


1. 512 


136.5 


.OIZ9 




2.561 


1.648 


0.0948 


1. 616 


129.3 


.0122 




2.998 


1.838 


O.II55 


1.983 


136. 1 


.0120 




3.369 


1. 981 


0.1356 


•2.255 


137.6 


.0I2Z 




2.192 


1.468 


0.1466 


1. 931 


131. 6 


.0120 




4.602 


2.343 


1793 


2.889 


141. 


.0122 




3.878 


2. 151 


0.2102 


2.955 


139.0 


.0122 




3.266 


1.943 


0.2389 


2.957 


137.3 


.0122 




1.799 


1. 251 


0.2553 


2.448 


137.0 


.01x4 
.0118 




2.245 


1.495 


0.2580 


2.687 


136.8 




2.707 


1. 714 


0.2602 


2.886 


136.6 


:0I20 




2.881 


1.789 


0.4604 


4.103 


142.9 


.01x7 




3.437 


2.005 


0.4913 


4.407 


140.4 


.0120 


■ 


3.44 


2. 211 


0.2813 


I 975 


79.2 


.02X1 


7.4 


2.5 


1.504 


3.72 


10.26 


137. 1 


.OXX9 



I GENERAL FORMULA FOR UNIFORM FLOW OF iVATER. 

Class B. Open Cbannels, 



Channels Lined with Brickwork or 





Darcy and 


Bazin, 


I— J 










R«langul3r. 


liques,'" Paris 


.S65. 




Toil Race of Groabois Reservoir. 


Do. 






Aihlar, wish cemenl joinis. 
















which were partly damaged, especiailv in 








the lowest pan; boilom (slope, 0,12 leei 








covered nilh light, very sticky, Hlimy deposit. 








Nearly rectaoguiar. 








Solani Right Aqueduct in BurttMh. 


Cunninghair 


, Roor- 


«5li)' 










sides of good masonry. lit fairly good 






121 W 


order. 






"9 (7) 


Rectangular section with lower corners 








slightly rounded. 






115(0 


Velocity determined by one-inch tin lube 






"3 (0 


Jl04tS. 








Solani Left Aqueduct. 


Do. 






Nearly same as above. 






103 (4) 
101 (3) 




Do. 




139 (3) 








138(1) 
137 (I) 
136 (J) 
•35 (!) 



Test Channel. 

Lined with pebbles 
held in place with cen 
SemicircidftT. 



IV. Channels JAneti ttrUh 

Darcy and Baii 
" Recherches Hydra 
liqucs," Paris, 1B65. 



^ 




TABLES FOR PRACTICAL USE. 



I8l 



Creeks, and Rivers. 



Surface 

Width in 

Feet. 



Greatest 

Depth in 

Feet. 



Mean 

Hydraulic 

Radius, 

in Feet, 

R 



Slope of 

Water Surface 

per 

Thousand, 

looo .S* 



Mean 

Velocity in 

Feet per 

Second, 



Coefficient, 
in Formula 

V = C^^y 

c 



Coefficient 
of 
Rough- 
ness, 

n 



I>ressed Ashlar Masonry — Continued. 



8.5 


3.0 


1.774 


0.84 


5.55 


125.0 


.0133 


6.0 


0.49 


0.424 


37.0 


9.04 


72.2 


.0169 


6.1 


0.77 


0.620 


i( 


11.46 


75.7 


•0x75 


6.1 


0.97 


0.745 


4( 


13.55 


81.6 


.0x70 


6.1 


1. 16 


0.852 


«( 


15.08 


84.9 


.0x70 


85.0 


2.0 


1.95 


0.203 


I. 61 


86.8 


.0x87 
.0x88 


85.0 


3-5 


3.26 


0.195 


2.43 


96.4 


85.0 


5.6 


5.00 


0.240 


3.43 


99.0 


.0196 


85.0 


6.2 


5.43 


0.245 


3-74 


102.6 


.0192 


85.0 


7.1 


6.14 


0.220 


3.67 


99.9 


.020X 


84.4 


7.8 


6.63 


0.198 


3.86 


106.5 


.0x90 


84.3 


8.2 


6.88 


0.228 


3.85 


97.2 


.02x1 


84.0 


8.6 


7.19 


0.222 


3.70 


92.6 


.0224 


82.5 


9.4 


7.65 


0.207 


3.87 


97.3 


.02x5 


82.2 


9.9 


7.94 


0.189 


4.06 


104 8 


.0200 


85.0 


2.66 


2.52 


151 


2.20 


112. 8 


.0153 




2.88 


2.72 


0.145 


2.54 


127.9 


.0137 




3.13 


2.94 


0.200 


2.51 


103.5 


.0171 




3.12 


2.94 


0.208 


2.79 


112. 8 


.0X57 




3.18 


2.99 


0.253 


3.20 


116. 4 


.0x54 




3.96 


3.65 


0.473 


4.83 


116. 2 


.0159 




4.60 


4.20 


0.025 


1.24 


121.0 


.ox6x 



Laths or 


Pebbles held in place. 








3.1 


0.7 


0.454 


1.5 


2.17 


78.0 


.0x59 


3.4 


0.9 


0.546 




2.50 


82.0 


.0x00 


3.5 


I.I 


0.619 




2.69 


82.0 


.0x63 


3.7 


1.2 


0.681 




2.93 


84.0 


.0x63 


3.8 


1.3 


0.731 




3.05 


84.0 


.0x65 


3.8 


1.4 


0.784 




3.22 


85.0 


.0x66 


3.9 


1.5 


0.826 




3.33 


84.0 


.0x69 


4.0 


1.7 


0.900 




3.54 


85.0 


.0x70 


4.0 


1.9 


0.968 




3.73 


85.0 


.0x71 


4.0 


2.0 


1. 012 




3.95 


88.0 


.0169 



IS2 GENERAL FOKMVLA FOR UNIFORM FLOW OF WA TEK. ■ 

^^^ Class B. Open Channels, I 


^^^^K Location ahu DisciiFnaN at CRAriNsu 


.„..„. 


Author*! 1 

ax- 1 


^^1 Channas Lined *vUh ImOm or 1 


1 T«t Channel. 

f Linrd wiih pcbbiEs « 10 J inch diameter. 
heM In place niih cement. 


Darcy and Bazin, 
■■ Rechcrchcs Hydrau- 
liques," Paris, 1865. 


4— 1 
3 

5 
7 
9 


^^H Teit Channel. 

^^H LincO with pebbles ij to i} inches diam- 
^^H eler, held in place with cement. 
^^H Recungular. 


Do. 


3 

I 

7 
8 
9 


^H Teat Channel. 

^^H Board-), with wooden lalhs, I x| inch, 
^^H nailed croBswiae on bottom and sidts of 
^^H flume, f inch apart. 
^^V Rectangular. 


Do. 


7 


Same. 


Do. 


13—1 
3 

1 

7 


J 



TABLES FOR PRACTICAL USE, 
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Creeks, and Bivers. 



Surface 

Width in 

Feet. 



Greatest 

Depth in 

Feet. 



Mean 
Hydraulic 
Radius in 

Feet, 
R 



Slope of 

Water Surface 

per 

Thousand, 

10006' 



Mean 

Velocity 

per Second 

in Feet, 



Coefficient, 
in Formula 

v = c^RS, 

e 



Coefficient 
of 
Rough- 
ness, 
n 



BebbleB held in place^Continued, 



6.0 


0.27 


0.250 


4.9 


2 16 


61.7 


.0170 


«( 


0.41 


0.357 


(« 


2.95 


70.5 


.0x66 


l< 


0.53 


0.450 


«( 


3.40 


72.5 


.0170 


«< 


0.63 


0.520 


<< 


3. .84 


76.1 


.0x68 


<< 


0.73 


0.588 


44 


4.14 


77.2 


.0170 


<< 


0.82 


0.644 


«« 


4-43 


78.8 


.0171 


«« 


0.91 


0.700 


*( 


4.64 


79-3 


.0x73 


<< 


0.99 


0.746 


<( 


4.88 


80.7 


.0x73 


<< 


1.06 


0.785 


(< 


5.12 


82.6 


.0x70 


• < 


1.15 


0.832 


<< 


5.26 


82.4 


.0173 


It 


1.23 


0.871 


(< 


5.43 


83. 1 


.0173 


<< 


1.30 


0.910 


<< 


5-57 


83.4 


.0174 


6. II 


0.32 


0.291 


4.9 


1.79 


47.5 


.0215 


*< 


0.48 


0.417 


«< 


2.43 


53.8 


.02x2 


<< 


0.61 


0.510 


(< 


2.90 


58.0 


.0209 


<« 


0.73 


0.587 


4< 


3.27 


61 I 


.0200 


<< 


0.84 


0.656 


(( 


356 


62.8 


.0207 


(< 


0.93 


0.712 


<< 


3.85 


65.2 


.020A 
.0200 


<< 


1.03 


0.772 


<< 


4.03 


65.5 


« 


1. 13 


0.823 


<( 


4.23 


66.6 


.0205 


<f 


1. 21 


0.867 


<< 


4.43 


68.0 


.0205 


<< 


1.29 


0.909 


4< 


4.60 


69.0 


.0204 


<( 


1.37 


0.946 


«< 


4.78 


70.3 


.0203 


<< 


1.46 


0.987 


<I 


4 90 


70.4 


.0205 


6.43 


0.33 


0.302 


1.5 


1.65 


. 77.4 


.0148 


*» 


0.51 


0.442 


<< 


2.17 


84.5 


.0149 


« 


0.89 


0.634 


• < 


2.86 


91.0 


.0150 


t( 


1.02 


0.775 


• ( 


3.33 


94.0 


.0150 


<« 


1.23 


0.889 


(t 


3.68 


97.0 


.0151 


(( 


1.42 


0.986 


<( 


3.98 


99.0 


.0152 


<< 


1.62 


1.076 


«< 


4.19 


99.0 


.0x54 


6.43 


0.22 


0.205 


5.9 . 


2.50 


71.8 


.0146 


«t 


0.33 


0.302 


<4 


3.34 


79.0 


.0147 


<< 


0.51 


0.442 


(< 


4.40 


86.2 


.0145 


<« 


0.67 


0.552 


<( 


5.08 


89.0 


.0148 


«< 


0.80 


0.643 


(( 


5.63 


91.4 


.0150 


<< 


0.92 


0.716 


(( 


6.14 


94-5 


.0150 


« 


1.05 


0.790 


(< 


6.48 


94.8 


0151 



1 84 GENERAL FORMULA FOR UNIFORM FLOW OF WATER. 

Class B. Open ChannelSy 



Location axd Detmisiption of Chasixeu 
Method or Galtgixg. 



Ac-ruosrrr. 



Anchor's 
No.o< 



Channels Lined irith Laths or 



Test Channel. | Darcy and Bazin, 

Boards, with wooden laths, ixf inch,'*' Recherches Hydran- 

nailed crosswise on bottom and sides of liqaes/' Paris, 1865. 

flume, f inch apart. 
Rectangular. 



Test Channel. 

Boards, with wooden laths, i x f inch, 
nailed crosswise on bottom and sides of 
flume, 2 inches apart. 

Rectangular. 



Same. 



Same. 



14— I 

2 

3 

4 

5 
6 

7 




F. Channels Lined 



Mill Race at Diemerstein, Bavaria. 

Sandstone masonry. 
Rectangular section. 

Velocity determined from known quantity 
of water. 



Mill Race at Felso-Banya Hung^ary. 

Dry rubble walls, paved. 

Nearly semicircular; top width. 1.64 feet. 



Strauss. 

See Grebenau, *'Zii- 
saue," etc; 1867. 



Rittinger,* 1855. 



* See Bornemann, " Civil Ingenieur,*' i86q. 
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-Greeks, and Rivers. 



Sarface 

Width ia 

Feet. 



Greatest 

Depth in 

Feet. 



Mean 
Hydraulic 
Radius in 

Feet, 
R 



Slope of 

Water Surface 

pw 

Thousand, 

1000 S 



Mean 

Velocity 

per Second 

in Feet, 



Coefficient, 
in Formula 

c 



Coefficient 
of 
Rough- 
ness, 
n 



Pebbles held in pUice — Continued, 





6.40 


0.19 


0.182 


8.9 


2.85 


70.8 


.0144 




(< 


0.30 


0.273 


it 


3.75 


76.4 


.0148 




<( 


0.46 


0.403 


ti 


4.92 


82.4 


.0150 




it 


0.59 


0.499 


ti 


5.77 


86.8 


.0150 




*€ 


0.71 


0.582 


ti 


6.38 


88.9 


.0151 




«4 


0.83 


658 


i€ 


6.86 


89.9 


•0154 
.015^ 




ii 


0.94 


0.726 


tt 


7.26 


905 




6.43 


0.43 


0.378 


1.5 


1.28 


53-7 


.0205 




*« 


0.66 


0.550 


it 


1.68 


58.6 


.0209 




<( 


1.02 


0.777 


tt 


2.21 


64.8 


.0207 




«< 


1.33 


0.942 


tt 


2.55 


67.8 


.0207 




• f 


I. 61 


1.073 


tt 


2.81 


70.1 


.0207 




H 


I. 91 


1. 197 


tt 


2.97 


70.0 


.0212 




4* 


2.18 


1.299 


tt 


3." 


70 -5 


.0214 




6.44 


0.29 


0.264 


5.9 


1. 91 


48.3 


.0207 
.0208 




«f 


0.44 


O.3S4 


it 


2.56 


53.7 




(< 


0.67 


0.553 


tt 


3.37 


59.0 


.0209 




ti 


0.87 


0.686 


tt 


3.88 


61.0 


.0213 




*t 


1.05 


0.791 


tt 


4.31 


63.1 


.0214 




ii 


I. 21 


0.882 


tt 

• 


4.65 


64.5 


.0215 




ti 


1.38 


0.965 


tt 


4.91 


65.1 


.0217 




6.40 


0.25 


0.232 


8.86 


2.21 


48.7 


.0200 




(« 


0.39 


0.350 


t f 


2.85 


51.2 


.0213 




(< 


0.60 


0.509 


tt 


3.75 


55.8 


.0215 




(( 


0.78 


0.628 


tt 


4.37 


58.6 


.0217 




it 


0.94 


0.725 


tt 


4.85 


60.5 


.0218 




it 


1.09 


0.812 


tt 


5.22 


61.5 


.0220 




«f 


1.22 


0.885 


tt 


5.57 


62.9 


.0220 



tr 


ith RtMde Masonry. 












1.08 


• ■ ■ fc 


0.308 


1.4 


1.378 


66.1 


1 

.0167 




0.55 
0.70 


0.272 
0.345 


31 
«• 


1. 115 
1.250 


38.4 
38.2 


.02a8 

.0203 



i_ 


i 186 GENl'.KAL FORMULA FOR UNIFORM FLOW OF WATER. 1 

^^^1 Class B. Open Channels, 1 


^l^^^lnnM UD DaKlirriiui a* Chahhil. 
^ Mktmm of Gaucino. 


Aimiomrv. 


^ 


1 Chann^a Lined, wfUh 1 


t Tkll Rk« at Staukan, HuogMT. 

1 Dry rubble wall*, paved. 
1 SsmlHiciilar. 


Rittinger. 1855. 




i Aquaduct for Llbeth Irenwerlu, Hungai?. 

1 Dry rulilile nnUii. paved, 
f Nearly retla"|[ulur. 


Do. 




Ulll Raca at SchmSllniti. Huncarr. 

Slilea ()( dry rulible; bed o( niiiuritl rock. 
Bei'iHiiKular; wklili, J.oa (cei. 


Do. 




L Haad Race at Kapntkbanja, HunEwy. 

1 Dry riibhtn wall., paved. 

1 '|-iu|.ri,.ia«l; lii.ll..m wlrllh, a.lfi feet. 


Do. 




* Tall Race at Kapi.ikbaiiy*. HuDKsry. 

dry ruhlilr Wull*. |iiiv<d, 
■ri-|ir»Ml.UI; boliMiii wldili, 3,51 (eel. 


Do. 




Conduit betw«cn Mill Ponds at Nagyar, 
Hungary. 
Dry mniijtiry. 
TrapMuldal; bottom wldih. 1.71 feet. 


Do. 




Groaboia Canal. 

Ruughly-hanimoTcd *tone masonry. 


Darcy and Baiin, 
•■ Rcchcrches Hydrau- 
liques." Paris, 1S65. 


-1 

3 


Oroaboli Canal, 

Maionry In ralhrr bad orders some mud 
and brcikcn Hones on biJiiom in many places. 
No icraai. 

Shape, tee Series n. Category 11 1. 


Do. 


46—1 


Same. 


Do. 


44—1 


Grasbola Canal. 

Slony bottom : one sluiic pioiecied bv 
roek. 

Trapeioidal. Very litlie vegetation. 


Do. 


40—1 


. " J 
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Creeks, and Rivers. 



Surface 

Width in 

Feet. 



Greatest 

Depth in 

Feet. 



Mean 

Hydraulic 

Radius, 

in Feet, 

R 



Slope of 

Water Surface 

per 

Thousand, 

xopo S 



Mean 

Velocity in 

Feet per 

Second, 



Coefficient, 
in Formula 

e 



Coefficient 

of 

Roug^h- 

ness, 

n 



HuMde Masonry — Continued, 





0.42 


0.289 


2.5 


• 

1.257 


46.8 


.0217 




0.56 


0.359 


«( 


1. 491 


49.8 


.0217 




0.69 


0.419 


<< 


1.643 


50.8 


.0220 




0.24 


0.213 


4 5 


1.324 


42.8 


.0215 




0.65 


0.439 


»« 


2 396 


53-9 


.0214 




0.81 


0.486 


^l 


2.432 


52.0 


.0224 




0.88 


0.472 


3 I 


1.479 


38.7 


.0284 




1.31 


0.576 


*< 


1.932 


45.7 


.0259 




0.26 


0.213 


3-8 


1.369 


48.1 


.0196 




0.45 


0.344 


• < 


1.829 


50.6 


.0212 




0.35 


0.278 


3-6 


1.502 


47.5 


.0212 




0.47 


0.351 


n 


1.928 


54.2 


.0201 




0.56 


0.403 


«( 


2.104 


55.2 
49.5 


.0206 




0.28 


0.212 


21.0 


3.305 


.0193 




0.59 


0.358 


i» 


6 150 


70.9 


.0164 
.0178 




1.20 


0.535 


l« 


7.5C0 


71.3 


3.9 


1.6 


0.88 


12. I 


7.58 


73.5 


.0192 


3-6 


1.5 


0.84 


14.0 


8.36 


77 3 


0182 


3.5 


1.2 


0.71 


29.0 


11.23 


78.4 


.0175 


3-5 


0.9 


0.62 


60.0 


13-93 


72.5 


.0181 


6.8 


1-5 


0.88 


0.648 


1.47 


62 


.0222 


6.9 


2.0 


1.23 


0.671 


2.02 


70 


.0212 


6.9 


2.4 


1.40 


0.683 


2.34 


76 


.0204 


7.0 


2.7 


1.50 


0.683 


2.78 


87 


.0183 


6.8 


1.6 


1.07 


0.30 


1. 12 


62 


.0226 


6.9 


2.4 


1.38 


0.35 


1.69 


77 


.0199 


70 


2.9 


1.57 


0.33 


1.92 


84 


.0187 


7.0 


3.3 


1. 71 


0.30 


2 18 


96 


.0169 


9.1 


1.7 


1.05 


0.936 


1.08 


34 


.0385 


II. 2 


2.3 


1.37 


0.936 


1.37 


38 


0375 


12.4 


2.6 


1.52 


0.957 


1.56 


41 


.0364 


13-4 


2.9 


1.64 


0.964 


1. 71 


43 


0355 




Ckammels Ltm*^ triOk 



SfJOw^ af LcTd Ho. 53, Craikow CmwL 

amdtram. 


IWcy ud Buia. 

liqaes.- Paris. rt65. 


S*— • 


Satn*. 
SloDOork fttaped and cleaned with gteal 


Do. 


3;— I 


Bed cemenud; lides of good rabble ma- 
aoitij. Very regular reach. 


Epper. .834- 




GerbebMb Khale, >t Hertigen, near Lake 
Thno. 

L'kc Gninnbach schale (lee belo*). 

Semimculai: lop tri'Iib. i;.7 feel: deptb. 
6.1 ttet; radiui, 7-87 Ictf. len«ih, 500 feel. 


Kutter, 1867. 




Li^bKb acbale, in BerncK ObcrUnd. 
Dry nibble masonry of Urge siones: old. 
Rectaniiular ; bed slightly curved, six 
inchct depression. 


Dd. 




Goptenbaeb »ch»le, at Gonien, near Lake 
Tbun, 

Dry rubble masuncy of large siones. New 
and »ell built- 

Sctnicircular; radius, to.Sl feel; length, 
about iioo feel. 

Surface -floats; mean veloeily from Bazin's 


Do. 


2 
3 

4 


Gninnbach »chale at Merligen, near Lake 
Thun. 

Dry rubble masonry i.i large stones; six 
years old; bed somewhat damaged. 

Semicircular; top width io.j feet and 
depth 6,4 feet for upper slrclch; but top 
width a6.4 feet and depth 7.15 feet for lower 
stretch. Length, iioo feel. 

Nos. 4-6 were gauged during a freshet, 
the water being turbid and carrying gravel 
and stones. 

Velocity measured with suKacc-Suats ant 
stones by' frequent repetitions. 


Do. 


3 
4 
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Creeks, and Rivers. 



Surface 

Width in 

Feet- 



Gfcatest 

Depth in 

Feet- 



Mean 

Hydraulic 

Radius 

in Feet, 

R 



Slope of 

Water Surface 

per 

Tbcmsand, 

1000 iS 



Mean Coefficient. 

Velocity in in Formula 

Feet per w-— r 

Second, v:=^c'^ R\ 

V c 



Coefficient 
of 
Rough- 
ness, 



Subbie Masonry— Continued. 



10.3 


1.2 


0.86 


14.6 


4.19 


37.5 


0341 


II. 2 


1.6 


1.09 


«• 


5.75 


45.7 


.0306 


12.8 


2.1 


1.38 


tt 


7.20 


50.7 


.0295 


14. 1 


2.5 


1.59 


€t 


8.27 


54.3 


.0285 


14.8 


2.7 


1.69 


tt 


8.99 


57.2 


' .0275 


10.2 


1.2 


0.70 


14.2 


5.66 


56.6 


.0230 


10.5 


1.3 


93 


4» 


736 


64.0 


.022a 


II. 8 


1.8 


1.23 


t* 


8.94 


67.7 


.0221 


12.8 1 


2.1 


1.39 


C( 


10.12 


71.9 


.0215 


13. 1 1 


2.3 


1.49 


f ( 


11.26 


77.4 


.0203 






2.417 


0.15 


1.584 


83.1 


.0206 


3.80 


0.30 


0.19 


III. 7 


8.472 


57.4 


.0172 


• ( 




«. 


1375 


S.905 


54.3 


.0178 


(( 




<• 


167.9 


9. 181 


50.7 


.0x88 


<< 




*( 


185.2 


9.427 


49.6 


.0192 


f • 




<« 


237.2 


10. 145 


47.2 


0197 


5.9 




0.32 


34.0 


6.560 


63.0 


.0177 


6.00 


0.50 


0.32 


42.350 


9.446 


80-5 


.0146 






0.32 


46.425 


10.489 


85.4 


.013& 


7.00 


0.57 


0.37 


42.350 


9.889 


82.5 


.0147 






0.37 


46.425 


10.972 


83.6 


.014s 


8.00 


0.55 


0.36 


82.85 


IT. 808 


68.6 


.0169 






0.38 


9927 


13-323 


68.4 


.017a 


7.40 


0.60 


0.39 


106.775 


13.746 


673 


.0175 


10.60 


o.go 


0.58 


82.85 


15.537 


70.6 


.0183 






0.61 


99- 27 


18.283 


72.8 


.0180 


9.00 


I.O 


0.65 


106.775 


19.168 


72.8 


.0182 



^^M 190 GENERAL FORMULA FOR UNIFORM FLOW OF WATER, 1 

^^H Class B. Open ChannelSt \ 


■ """"„-:Lr:;a:::r--- 


Auitaor's 1 


^^1 (%annef« Xfned with | 


^^H Alpbach achale at Meiringen. 

^^H Like GrUnnbach schale (see above). 
^^H Verv old and very much damaged. 
^^K Radius. %.\b feet. 


Kuiter. 1S67, 


3 


^^H Suetenbftch ichale in Bernese Oberland. 

^^^P Dry rough rubble masonry. 

^^H Rectangular; bed curved, wilh 16 inches 


Do. 




„ VI. Channetg tn Earth | 


^^^L Milt Race at Pricbram, Hungary. 

^^^H Masonry sidemalls ; clay bollom : very 

^^H Trapcioidal; bottom width, 1.8B feet. 


Rillmger, 1855. 

See Bornemann. 
'■ Civil Ingenieur." 
1869. 


1 


Mill Rftce at Gbllnitz, Hungary. 

Dry nibble walls; earth bollom. 
Rectangular; bottom width, 1.55 feel. 


Do. 




Mill Race at Pricbram, Hungary. 

Dry nibble sidewalls; earth bottom; very 
irregular. 
Trapezoidal; bottom viidth, 2.07 feeL 


Do. 




Aqueduct at Diosgyiir, Hungary. 

Dry rubble sidewalls: eanh bed. 
Rectangular; width, 1.09 feci. 


Do. 


' 


Mill Race at Dioagyor, Hangary. 

Dry rubble sidewalls; clay beil. 
Rectangular; width, 4-15 feet. 


Do. 




Race at Stamp Mill, Verospatalt, Hungary. 
Masonry sidewalls; earth bed. 
Trapezoidal; bollotn widlti. 2.07 feel. 


Do. 




Race at Stamp Mill, Bezbanya, Hungary. 

Masonrv sidewalls; bed of sand and gravel. 
Trapezoidal; bouom width, 2.53 feci. 


Do. 




L ^ 
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Creeks, and Rivers. 



Surface 

Width in 

Feet. 



Greatest 

Depth ia 

Feet. 



Mean 

Hydraulic 

Radius, 

in Feel, 

R 



Slope of 

Water Surface 

per 

Thousand,' 

1000 J? 



Mean 

Velocity in 

Feet per 

Second, 



V 



Coefficient, 
in Formula 

c 



Coefficient 
of 
Rough- 
ness, 
n 



MiMde Masonry — Continued, 



8.02 


1. 18 


0.73 

0.73 
0.73 

0.69 


22.920 
27.200 

27.647 

32.000 


7.970 
8.649 
8.197 

8.010 


53.9 

60.5 

57.6 
53.9 


.0242 

.0220 
.0228 
.0238 


25.6 




0.58 


30.000 


7.970 


60.1 


.0208 



with Masonry SidewaUs* 



0.54 
0.66 



0.33 
0.47 

0.74 



0.41 
0.44 
0.70 
0.80 
0.86 
0.90 



0.61 
0.82 
1.27 


0.63 
1. 14 

1.66 


0.56 
0.78 



0.28 

0.35 

0.56 

0.73 

0.90 



0.373 
0.425 



0.233 
0.296 

0.385 



0.316 
0.336 
0.472 

0.548 
0.560 
0.566 



0.384 
0.458 
0.572 


0.487 

0.736 
0.924 


0.217 
0.288 



0.242 
0.282 
0.407 
0.483 
0.561 



I.O 



2.0 

(( 



2.2 
(( 

(< 

«< 

** 

tt 



2.8 



tt 



4.0 



tt 



50 

tt 



5.0 

tt 



t* 
<« 



1. 127 

1.254 



0.468 
0.854 

1. 144 



0.389 

0.588 

0.953 
1. 135 

1. 190 
1.269 



1.376 
1. 515 

2.219 


2.403 
2.750 
3.323 


1.505 
1. 581 



0.782 
1. 191 

1.956 
2.134 
3.475 



58.4 

60.8 



21 


•7 


35 ■ 


.1 


41 


2 



14.8 

21.6 

29.6 

32.7 

33-9 
36.0 



42.0 

42.3 
55.5 



54.5 
50.7 
54.8 



45-7 
41.7 



22.5 

31.7 
43.4 
43.4 
65.6 



0191 
0190 



.0364 
.0269 
•0255 



.0560 

.0406 

.0350 

.0337 
.0328 

.0312 



.0250 
.0260 
.0220 



0217 
0253 
0250 



.0205 
0236 



.0360 
.0291 
,02^9 
,0200 
,0192' 



^^^1 192 QEXERAl. FORMULA FOR UNIl-ORSr FLOW Of- irATEK. JH 

^^m Class B. Open Channels^ ■ 




,„,..,„. 


Aulbor's 1 

^ 1 


^^H Cfmunels in Earth tvith 1 


^^H Tea Mill Racea in Freiberg. 

^^H ere<] with mud, fini: sand, and occasionally 

^^H with some veaetaiLon. 

^^^B Noi. B ■ndg had bouom covered wiih 

^^^m much vegeuiion. 

^^^1 Nus. i-Q had trapezoidal sections: No. !□ 

^^^H Current meter. 


Bornemann. 1854-59. 


3 

5 
h 

9 


P ChAzllljr CauaI. 

Ri^lit sidenall of misonry. set tn morlar, 
almost venical; left sldenall dry stone work, 
somewhat inclined; bed in earth. No vege- 
tation. 


Darcy and Bazin. 
1B65. 


42—1 


River Tauber, in Bttden. 

Hanks paved. 
Regular. 


Ammon, 1B67. 
Quoted by K utter. 


3 


Aar Cnnal, near Stegmatt Bridge, Switz- 
erland. 

Bed reRular; coarse gravel. 
Shore slopes rip-rapped. 
Surface-floats. 


Quoted by Kulter. 




Mill Race at Thun, Switierland. 

Rubble BidewBlls and earth bed. 


Do. 




River Aar, below Thun, 

Gravel bed : rip-rap along the shores. 
Fairly regular reach. No detritus at time 
of gauging. 

Current meter. 

Slope determined In 1ES4, and when stage 
was about four Inches lower than in 18S3, 


Epper. 1B83. 




River Aa, near Kermatt bridge, Switzer- 
land. 

Gravel bed; sidcwalls ashlar masonry. 
Very regular reach. No detritus at time 
of gauging. 


Epper. 1885. 




L ^ 
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Creeks^ and BiTers« 



J. 



Surface 

Width ia 

Feet. 



Greatest 

Depth in 

Feet. 



Mean 

Hydraulic 

Radius, 

in Feet, 



Slope of 

Water Surface 

per 

Thousand, 

1000 S 



Mean 

Velocity in 

Feet per 

Second, 

V 



Coefficient, 
in Formula 

c 



Coefficient 

of 

Rouflfh- 

ness, 

n 



Masonry SidewaUs — Continued, 







1.680 


0.0394 


0.91 


112. 


.0137 
.0208 






1.355 


0.1201 


0.89 


70.2 






1.366 


0.1353 


0.93 


68.3 


.0208 






1. 241 


0.2423 


1.40 


80.8 


.0183 






1. 010 


0.4905 


1.60 


71.5 


.0198 






0.859 


0.5205 


1.50 


70.9 


.0193 






0.944 


0.9404 


1.73 


58.1 


.0236 






1. 173 


0.6860 


1. 14 


40.2 


.0342 






1. 215 


1.0926 


1.24 


34.0 


.0420 






0.688 


0.7553 


I. II 


48.5 


.0254 


8.5 


1.3 


1. 00 


0.525 


1. 01 


44 


.0306 


9-5 


2.0 


1.36 


0.450 


1.38 


56 


.0265 
.025^ 


9.8 


2.4 


1.54 


0.462 


1.58 


59 


10.2 


2.7 


1.67 


0.487 


1.74 


61 


.0256 






1.66 


2.000 


3.897 


67.3 


.0234 






1. 71 


1.900 


3.788 


66.4 


.0240 






2.82 


0.200 


2.007 


84.2 


.0208 






2.00 


1.75 


3.510 


38.2 


.0310 






2.42 


0.150 


1.574 


83.1 


.02X6 






3.866 


0.565 


3.303 


60.6 


.0258 






1.948 


3-9 


4.976 


57.1 


.0284. 



194 GENt/^Al. FORMULA FOR UXIFQJtM FLOW OF IVATER. 

Class B. Open Channels, 



Chnnneia in Earth uHth 



River Aa, near Sarnen. 


Epper. 1S35. 




Bed 0/ gravel and raud ; sidewalls of good 






rubble masonry. 






Regular reach. No delritus. 






Curreni meter. 






Rhone at Porte de Sex. 


Epper, 1337. 




Gravel bed ; slopes wilh smooth pave 












Very regular reach. Delrilus. 






Inner Aar, near Thun. 


Quoted by Kuiler. 




Banks and partly Ihe bed carefully paved 






Nodelrkus. 






Surface floats. 






Outer Aar, Dear Thun. 


Trechsei. 1815. 




Banks and parily ihe bed lined wiih 


See Kuiter, "Die 




slones. No detritus. 


neue Theorie, " etc., 




Surlace-lloata. 


186S. 




River Aar at Interlaken. 


Quoted by K utter. 




Hanks protected by sloping walls of rough 






rubble masonry. 






Solani Embankment, Main Site. 


Cunningham, Roor- 


i3i (il» 


Sides of masonry, wilh steps 14" tread 


kee, iBSo. 


l9o (2) 


and g" rise, lowest step has 4' rise. Steps 




J75(5t 


broken and sunken in many places, but are 




173 (5) 


still fairly uniform. Bed of clay and boul- 




166(1) 


ders, very irregular, with frequent bars made 




163 <6) 


of brick and boulders to prevent scour. 




162 (5) 


No, 163, three steps immersed. 




r5o(6) 


No. 166, one step immersed. 




■ 58 (2) 






IS5 (6) 


One-inch tin rod floats. 




151(5) 
153 (6) 








^^^Bt ^^ -1*!^^^ 






^^r^ 







• The figures in parenthes 
average is given. 



e the number of gauginga for which 
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Creeks, and Rivers. 



Surface 

Width in 

Feet. 



Greatest 

Depth in 

Feet. 



Mean 
Hydraulic 
Radius in 

Feet, 
R 



Slope of 

Water Surface 

per 

Thousand, 

1000 6' 



Mean 

Velocity 

per Second 

in Feet, 



Coefficient, 
in Formula 

e 



Coefficient 
of 
Rough- 
ness, 
n 



Masonry SidewaUs — Continued, 







3.398 


0.64 


3496 


74.5 


.0245 






3.152 


1.002 


4.184 


73-9 


.0243 






5-44 


0.625 


5.182 


88.9 


.0222 






6.62 


1.872 


5.707 


51.2 

• • 


.0410 






6.69 


0.585 


4.166 


67.9 


•0305 


150.0 


1.5 


1.69 


0.090 


0.44 


35.7 


.0380 


€i 


2.3 


2.26 


0.148 


0.87 


45.9 


.0355 


<< 


3.9 


3.86 


0.088 


1.35 


73.2 


.0200 


«( 


4.1 


4.07 


0.215 


1.79 


60.5 


•0315 


152.3 


5.6 


5.39 


0.155 


2.40 


83.0 


.0241 


157.0 


6.8 


6.18 


0.171 


3.05 


93.8 


.0218 


159.3 : 


7.6 


6.78 . 


0.221 


3.39 


87.5 


.0237 


161. 3 


8.2 


7.26 


0.214 


3.22 


81.7 


.0258 


164.0 


9.1 


7.84 


0.215 


3.43 


83.6 


.0256 


166.3 


9.9 


8.42 


0.217 


3.58 


83.6 


.0260 


168.7 


10.7 


8.96 


0.227 


3-71 


82.3 . 


.0267 


170. 1 


II. 


9.34 


0.227 

• 


4.02 


87.3 


.0251 



^^K X^i ni'.NHHAl. POKMULA FOR UNIFORM FLOW OF WATER. ■ 
1 Clatts B. Open CbannelB^ 1 


^^^ H«tiNW m UAinima, 


.>™»„. «■ 1 


^^ ChawnHn in. Earth w«A | 


■otaRl IflibMfcmint, jKoU Site. 

lUd In earth; boifw very rough; lide 
■lOMf 1 in si: l>rlrk> >el In mod. 
On«-lncli llti rod ftoati. 


Cunningham, Roor- 

kee, i88o. 


«7 ( 6)» 
215 (10) 


■•Itnl Bmbukment, Bcira Site. 
Blmller Id J»o1I »lte. 


Do. 


!o5 ( 6) 

loa ( 7) 
aoi ( 5) 


EmlMnknitnt w»Ila, 

Currini mcior, 

OauBlngi U low and hind wnler. 


'■Handbuchdcr Hy. 
draulic." Fischer, 1835. 
Quoted by Kuticr. 


' 


VII. amatt Rivera and Canals havinff | 


Winiilon truUKh cnnlalnlnK loone rlv«r 

WHN Hlliiwed lo (iirin n ntsbk \>etl beforr 

^^H AUiul 11 l«el Iihk; TeelHnirulnr. 
^^^k Volume of diRcherRt carefully deLermlned. 

^^f an four or Dye parellrl line*. 
^^^ Three forme of eection*. u, *, And .-. were 
1 Uied. Width kiid maximum dcpiti urc np. 
proximele. 


Seddon in Journ, 
Assn. Eng. Soc., Feb. 
:B86. 


3 

5 
6 

7 

*3 

5 
6 

' 3 

S 
6 
7 


HUl K«ci kt MftTir*. Hnncan. 

Stdee of eerthi bouom paved with broken 
Btone. 


Riltingfr. 1855. 

See Bornemann, 
■• Civil Ingenieur." 
I86q. 




• The flfurea In p»rrnlhM!» indicate ihe number of gaugings for which aa 1 
RTCTac* It gt<nn. 1 
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Oreeks, and Bivers. 



Surface 

Width in 

Feet. 



Greatest 

Depth in 

Feet. 



Mean 
Hydraulic 
Radius in 

Feet, 
R 



Slope of 

Water Surface 

per 

Thousand, 

X000.S* 



Mean 

Velocity 

per Second 

in Feet, 

V 



Coefficient, 
in Formula 



c 



Coefficient 

of 

Rouf^h- 

ness, 

n 



Masonry Sidew€Ul» — Continued, 



190.9 


6.8 


6.32 


0.140 


2.63 


88.4 


.0234 


191. 2 


7.0 


6.53 


0.144 


2.70 


88.1 


.0237 


191. 5 


7.3 


6.79 


0.145 


2.80 


89.2 


.0235 


191. 8 


7.6 


7.05 


0.146 


2.81 


87.6 


.0240 


192.3 


8.1 


7.46 


0.160 


2.94 


85.1 


.0250 


187.3 


8.6 


7.96 


• 0.208 


3.07 


75.4 


.0289 


187.5 


8.7 


8.21 


0.198 


3.01 


74.7 


.0294 


188.0 


9.5 


8.72 


0.200 


3.12 


74.7 


.0297 


188.4 


9.6 


9.02 


0.191 


3.17 


76.4 


.0292 


315 


9.84 


8.61 


0.254 


3.772 


80.4 


.0270 


315 


13.12 


13.20 


0.363 


5.346 


76.9 


.0304 



Fairly Megvlar Channels^ in Earth. 







0.04652 


3.5 


0.86 


67.4 


.OZ07 


0.57 


0.065 


0.04448 


3.7 


0.87 


67.8 


.0106 


0.57 


0.065 


0.04535 


4.1 


0.84 


61.6 


.OZ14 


0.57 


0.065 


0.04553 


5-2 


0.83 


54.0 


.0I2A 
.0X20 






0.04362 


6.2 


0.86 


52.3 






0.04276 


4.5 


0.83 


59.8 


.OXXA 

.oxx8 


0.65 


0.060 


0.04292 


4.8 


0.82 


57.1 


0.65 


0.060 


0.04421 


5.4 


0.80 


51.8 


.0128 


0.66 


0.056 


0.04189 


6.3 


0.83 


51. 1 


.0126 






0.04235 


7.2 


0.81 


46.4 


.0136 






0.03162 


7.9 


0.93 


58.9 


.0x07 


0.83 


0.040 


0.03190 


8.0 


0.89 


55.7 


.OIXX 


0.87 


0.040 


0.03I8I 


8.6 


^.88 


53-2 


.oxx6 


0.91 


0.036 


02928 


9.7 


0.91 


540 


.OIXX 






0.02808 


".3 


0.91 


5I-I 


.OXX4 




0.53 


0.403 


3-2 


2.895 


80.6 


.oisx 




1.04 


0.661 


(t 


3.629 


78.9 


.0x69 




1. 31 


0.834 


«< 


3.586 


69.4 


.0199 




1.63 


0.918 


(t 


4.017 


74.1 


.OX9X 



^^H 198 GENERAL FORMULA FOR UNIFORM PLOW OF WATER. 1 

^^H Class B. Open ChaunelB, 1 


^^^^1 LOI^ATIUN AMD DEKK^moK OF Chaf^hel. 


«,.0.„. 


.. 


^^ Hmall Rivers and Canala having Fairly 1 


1 Hill Race at Mittelwald Iron Works in 
1 HungaiT. 

^^■^ Loamy soil. 

^^^k More or less irregular. 


Rillinger, l855. 

See Bornemann, 
-Civil Ingeoieur," 
1S69. 




^" Shallow ditch in sandv soil. 
Mote or less irregular. 


Do. 




Mill Race at Flachau. Hungary. 

Shallow dilch io earih. 


Do. 




Hubengraben, in Rhenish Bavaria. 

Cr^ek. 
Current meter. 


Grebenau, 1866. 




Hockenbach. 

Crpeli. 
Current meter. 


Do. 


3 


Grosbois Canal. 

Earth; no vegetation. 

Trapezoidal; bollom width, 6.5 f^et. 


Darcy and Bazin, 
1865. 


49-1 
3 


Mill Race at Kaeiswyl, Switzerland. 

Beach «ery regular. Side slopes in earth 
bed covered with fine gravel. 
Current meter. 


Epper. .885. 




Mill Race. 

Rod floats. 


Legler. 




Speyerbach. 


Grebeoau, 1E66, 


' 


Lauter Canal, at Nenburg, on the Rhine. 

Earth; no detritus. 
Current meter. 


Strauss. 

See Grebenau, "Zu- 
satze," etc. 


' 


Saalach, in Bavaria. 

From Slauffeoegg 10 the river Salzach. 

Dclritus- 

Reichen bach's tube. 


RoS. 1S54. 
See Grebenau, " Zu- 
sSlzc," etc. 


7 


^ J 
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Creeks, and Rivers. 



Surface 

Width in 

Feet. 



Greatest 

Depth in 

Feet. 



Mean 

Hydraulic 

Radius 

in Feet, 

R 



Slope of 

Water Surface 

per 

Thousand, 

1000 .S" 



Mean 
Velocity in 
per Second 

in Feet, 

V 



Coefficient, 
in Formula 

c 



Coefficient 
of 
Rough- 
ness, 



n 



Hegvlar Channels^ in Earth — Continued. 





0.41 
0.56 
0.69 


0.315 
0.411 

0.496 


4.1 
<« 


1.322 
2.189 
2.109 


36.8 

53.3 
46.8 


.0265 
.0212 
.0246 




0.37 
0.60 

0.72 


0.315 
0.494 
0.596 


2.7 
«< 


1.500 
1.552 
1.934 


51.4 

42.5 
48.2 


.0206 
.0266 
.0252 




0.55 
0.86 


0.467 
0.703 


2.0 
tt 


1.953 
2.199 


639 

58.7 


.0187 
.0220 






0.587 


1.300 


1.424 


51-2 


.0236 






0.866 
0.879 


0.778 
0.797 


1.440 
1.463 

• 


55.2 
55.0 


.0241 
.0243 


10.7 
II. 9 
14. 1 

157 


1.4 
1.9 

2.5 
2.9 


0.96 

1.32 

1.57 
1.78 


0.250 

0.275 
0.246 

0.275 


0.89 

1.34 
1.36 

1-47 


57 
70, 

69 
66 


.0236 
.0212 
.0222 
.0240 






1.040 

1.387 
1. 410 


1-754 

1.255 
1.200 


2.817 

3.139 
3.221 


65.8 

75.3 
78.3 


.02X8 
.0204 
.0198 


14.8 




I. II 


1. 000 


2.20 


65.7 


.0220 






1.463 


0.667 


1.824 


58.1 


.0258 


29.5 




1.820 


0.664 


2.106 


61.0 


.0262 




« 


1.54 
1. 31 
1. 91 
1*98 
2.16 


0.875 
1. 100 
1.242 
1.240 
3.600 


2.073 
2.240 

3.077 
3.385 
5.474 


56.5 
58.8 
63.0 
68.2 
64.3 


.0269 
.0253 
.0256 
.0240 
.0259 



^^^■SOO GEiVKKAL FORMULA FOR UNIFORM FLOif Of WATER. ■ 

^^V Class B. Open Channels, 1 




.„„,„. 


..■ 


" Sni«« JBii'erfl one! CantUs Itaving Fairly 1 


Canal du Jard, in France. 

Earth; no dctriiiis. 

Mean velocity deduced from maximum 
surface velocilica. 


Dubuat, 1779. 


3 
4 


1 Harmel Canal. 

^^_ UetrlLus; coarse gravel. 


La Nicca, 1339. 




^H Gilrben Canal, near Belp. Switierland. 

^^^P Regular reach; detritiig. 


Quoted by K utter. 


■ 


^^^ ' Canal in England. 

.Surf:.ce floats. Mfan velocity by De 
Prony's ,"„ rule. 


Watt. 

See Humphreys anc 
Abbot. 




^^ Canal at Realtore. 

^^^' HoiKim ciivered with mud. 

^^^1 Nearly irapezoidal. 


Darcy and Baiin, 
l8f.s. 


'—7 


^^^P River Lech, below Aug;sburs, Bavaria. 


Von Gumpenberg. 
1854." 


■ 


Main, near Aschaffeaburg;, 

Earth. 


Quoted by Kutter. 




River Salzach, in Bavaria. 

From Geiscrifelden to Burghausen. 


Reich, 1855. 
See Grebenau, "Zu- 
sBtie,"' etc. 


3 

S 
4 


Solani Embankment (Kamehcra Reach). 

Earth; b:iiika newly dressed to slopes from 
1 ; I to ij : i; bed very rough. 
One-inch tin rod fluats. 


Cunningham, Root- 
kee, iBSa 


M2 5)t 
224(12) 
225 (14) 


River Haine, in Belgium. 

Earth; no detritus. 

Surface floats; mean velocity determined 
by Dubual's formula. 


Dubui-i. 17S2. 


17 
40 
46 


River Arve, near Caronge, Canton Geneva 


Quoted by Kutter. 




"Grebenau, " Zustttze," etc. 1 
f Figures in parenthesis indicate number of gaugings averaged. 
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20 1 



<7reeks9 and Bivers. 



Surface 

Width in 

Kcct. 



Greatest 

Depth in 

Feet. 



Mean 
Hydraulic 
Radius in 

Feet, 
R 



Slope of 

Water Surface 

per 

Thousand, 

zooo S 



Mean 

Velocity 

per Second 

in Feet, 



Coefficient, 
in Formula 

c 



Coefficient 
of 
Rough- 
ness, 



Megular Channels, in Ea/rth — Continued. 







1.68 

1.94 
2.05 

2.58 


0.0362 
0.0362 
0.0458 
0.0651 


0.449 
0.479 

0.607 

1.069 


57.6 
57.0 
62.6 
82.5 


.0253 
.0268 
.0249 
.0206 






2.31 


0.500 


2.263 


66.4 


.0253 






2.38 


2.000 


4.789 


^9-5 


.0245 


z8 


4 


2.43 


0.0631 


1. 134 


91.5 


.0184 


19.7 


4.5 


2.87 


0.43 


2.54 


72.2 


.0244 


153 


3.6 . 


3.16 


1.T50 


4.950 


81.8 


.0220 






3.94 


0.400 


3.05 


76.7 


.0244 






3.45 
4 96 
3.52 
5.20 
5.00 


0.280 
0.290 
0.348 
0.410 
0.607 


2.686 
3.510 
3.618 

5.094 
5.543 


86.2 

92.3 
103.2 

109.7 

100.3 


.0213 
.0212 
.0176 
.0177 

•0193 


65.2 
64.8 

64.3 
64.0 


5.3 
5.1 
4.8 
4.6 


4.50 

4.37 
4.18 

4.07 


0.291 
0.297 
0.304 
0.306 


2.82 

2.79 
2.74 

2.71 


78.8 

77.4 

78.3 
76.8 


.0244 
.0245 
.0240 
.0244 


about 50 
«* 

<< 

<< 


about 9 
" 8 

" 9 

'* 8 


5.83 
4.83 
5.74 
4.92 


0.0279 
0.0303 

0.1559 
0.1653 


1.093 
0.902 
2.064 

2.395 


85.7 
74.6 
69.0 
84.0 


.0253 

.0275 
.0299 

.0235 






5.50 


0.450 


3.706 


74.6 


.0265 



^^B^202 GENERAL FORMULA FOR UNIFORM FLOllT OF WA TBS. ■ 

^^B Class B. Open Channels, 1 


B ■^--M-.^.rsr.::,:;'^™"- 




^ 


^^V SmaU Btvers and Canal» having FaMy 1 


^^^B RiTcr Rea*s, near HeUine;ea. 
^^P^ Sandy bed. 


Qaoted by Kulter. 1 


f Llnth Canal at Biuchen, Canton Glarus. 

Giavcl. 

Trapezoidal, slightly munded. 


Do. 




Linth Canal at Grjnau. 

Eanh; no delrilus. 

Trapezoidal. glitj;tilly rounded. 

Rod BoBti; gaugings very carefnUj made. 


Legkr. 

See Kulter. " Die 
neue Theoric." etc. 




Solani Embankment (isth Mile. New Site). 
Eanh; side slopes, l^ : l; bed quite uni- 
form. 

One-inch lin rod flaals. 


Cunninghain, Roor- 
kee. iSSo. 


'97 (!)• 


Solani Embankment (ijih Mile. Old Site), 
Earth; side slopes about 2^ to I ; bed 
rather irregular. 
One-inch tin tub«s. 


Do. 


195 {6)» 


VIIJ. Sivers and Canals, more tyr less Ivreovlar, 1 


Oitcfa at Felso-Banya, Hungary. 

Earth; irregular. 


Ritlinger.t 1855. 




' Liitscbine, near Upper Grindelwald GU- 
cier. 

Liitscbine, near Lower Grinilelwald Gla- 
cier. 
Very coarse detritus. 


Quoted by Kuiter. 




• Figures in parenthesis indicate number of gaugings averaged. ■ 
t See Bornemann, "Civil Ingenieur," i86g. ■ 
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Creeks, and Bivers. 



Surface 

Width in 

Feet. 



Greatest 

Depth in 

reet. 



Mean 
Hydraulic 
Radius in 

Feet, 
R 



Slope of 

Water Surface 

per 

Thousand, 

zooo.S' 



Mean 

Velocity 

per Second 

in Feet, 

V 



Coefficient, 
in Formula 

c 



Coefficient 
of 
Rough- 
ness, 
n 



Regular Channels, in Earth — Continued. 







6.95 


0.150 


3.018 


93.2 


.0224 


113. 2 




4.0 


0.800 


4.264 


75.5 


.0247 






6.5 


0.410 


4.166 


80.7 


.0253 






5.14 


0.29 


3.414 


88.4 


.0222 






5-93 


0.30 


3.830 


90.8 


.0220 






6.48 


0.31 


4.152 


92.6 


.0219 






7.12 


0.32 


4.418 


92.6 


.0222 






7.52 


0.33 


4.753 


95.4 


.0218 


123.0 


10.8 


8.09 


0.34 


4.920 


93.8 


.0224 






8.28 


0.34 


5.058 


95.3 


0220 


• 




8.62 


0.35 


5.225 


95.1 


.0222 






8.87 


0.36 


5.392 


95.5 


.0222 






9.18 


0.37 


5.530 


94.9 


.0224 


184.2 


9.7 


8.35 


0.220 


3.98 


92.8 


.0228 


174.9 


10. 


8.64 


0.231 


3.98 


89.1 


.0242 



with Detritus, Vegetation, or other Obstructions. 





0.56 

0.68 


0.348 

0.391 


I.I 


0.548 

0.570 


28.0 

27.5 


.0332 
.0348 






0.38 


53.000 


2.329 


16.5 


.0520 






0.38 


72.500 


2.034 


12. 1 


.0670 



^^H'S04 GENERAL FORMULA FOR UNIFORM FLOW OF WATER. 1 

^^B Class B. Open Channels, 1 


■ .«.„..„. .«..^..„c,„.^ 


AUTHOBITY. 


Author's 


^^H Rifers and Canals, more or less Irregular, with j 


^H V?rycoars.d.,ri.u«. 


Quoted by Kulter. 




^^H Emme, near Emmerniatt. 

^^^H Irregular: coarse delrltus. 
^^H Surface floats. 


Do. 




^^B Lutschiue, near Eybridge. 

^^H Coarse detritus. 


Do. 




^^H Uoaa, in Miaox, Canton Grttubunden. 

^^B Coarse detrilus. 
^^H Rod Qoats, probably. 


LaNicca, 1839.* 




^^^ Earth; some vegetation. 

Trapezoidal; bottom ividth, 6.3 feel. 


Darcy and Bazin. 
1865- 


50— I 


Grosbois Canal. 

Earth; some vegelalion. 
Nearly arc of a circle. 


Do. 


48-1 


Grosbois Canal. 

Earth (stony); but liLtle vegetation. 
Trapeioidal; bottom width, 3.9 feet. 


Do. 


37—1 


Grosbois Canal. 

Earth; bottom and sides of mud; some 
vcREtation in spots. 
Trapezoidal. 


Do. 


47—' 


Grosbois Canal. 

Earth (stony); bul little vegelaliiyti. 
Trapezoidal; bottom width, 4.4. 


Do. 




♦SeeKtllter, "Die neue Theorie," etc. La Nicca's gaugings are said to | 
have been carefully made, altbough, probably on account of several conversions i 
of measures, there are some slight errors in the figures. The original publica- 
tion was not accessible to us. 1 
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Creeks, and Rivers. 



Surface 

Width in 

Feet. 



Greatest 

Depth in 

FeeL 



Mean 

Hydraulic 

Radius 

in Feet, 

R 



Slope of 

Water Surface 

per 

Thousand, 

zooo S 



Mean 

Velocity 

per Second 

in Feet, 

V 



Coefficient, 
in Formula 



Coefficient 
of 
Rough- 
ness, 



Detritus, VegeUUion, or other Cbgtructians — Continued. 







62 


10.000 


1.738 


21.9 


.0490 






1. 19 


5.000 


3.510 


45.4 


.03x0 






1.34 


3.325 


3.214 


48.0 


.0305 






0.99 
1.20 

1.53 


11.875 
it 


3.867 
5.540 

7.587 


35.7 
46.3 
56.1 


.0369 
.0308 
.0274 


10.5 
II. 4 
13.8 

15.5 


1.5 
2.1 

2.7- 

3.1 


1.05 
1.42 
1.65 

1.85 


0.310 
0.290 
0.330 
0.330 


0.82 
1.26 
1.30 
1. 41 


45 
62 

56 

57 


.0298 
.0242 
.0277 
.0278 


9-5 
10.7 

II. 9 
13.5 


1.5 
2.1 

2.5 
2.9 


0.99 
1.30 
1.56 
1. 71 


0.555 

0.555 
0.525 

0.515 


0.96 

1.48 

1.57 
1.75 


41 
55 
55 
59 


.0322 
.0264 
.0278 
.0267 


91 
II. 4 

12.6 
13.3 


1.5 
2.0 
2.4 

2.7 


0.96 
1.20 
1. 41 
1.56 


0.792 
0.808 
0.858 
0.842 


1.23 
1.67 
1. 81 
2.00 


45 
53 
52 

55 


.0299 
.0270 
.0287 
.0277 


9-9 
II. 2 

12.5 
14.0 


1.7 
2.2 

2.7 
2-9 


1.09 

1.38 
1.63 

1. 71 


0.464 
0.450 

0.479 
0.493 


0.82 
1.32 

1.43 
1.68 


36 
53 
51 
58 


.0366 
.0279 
.0300 
.0271 


10. 1 
12.0 
13.2 
14-3 


1.6 

2.3 

2.7 
3.0 


1.04 
1.38 
1.57 
1. 71 


0.445 
0.450 

0.455 
0.441 


0.96 
1.27 
1.40 

1. 51 

1 


45 
51 

52 

55 


.0303 
.0289 
.0290 
.0284 



•^k/^ I rami i nm.^* 



• y^ i ywuMft- > — n w a wn , yjih 



ikZSlt 



;rtfe, in -Zmfcas," 






■MM^fNttem 



■Mm, to (W OMlcwfcc«f VaUey. 

" - ■■ — - 4 Ikmi MiriaM rcLocicic* a»w 



Qaauid kf EnuEE. 




TABLES FOR PRACTICAL USE. 



207 



Creeks, and Rivers. 



Surface 

Width in 

Feet, 



Greatest 

Depth in 

Feet. 



Mean 

Hydraulic 

Radius 

in Feet, 

R 



Slope of 

Water Surface 

per 

Thousand, 

1000 S 



Mean 
Velocity 
per Second 
in Feet, 

V 



Coefficient, Coefficient 



in Formula 



of 

Rousrh> 

ne^ 



J>€tritu8, Vegetation, or other Obstructions — Continued, 



10. 1 


1.7 


1.06 


0.420 


0.89 


42 ' 


.0322 


12.3 


2.4 


1. 41 


0.470 


1. 18 


46 


.0320 


13-5 


2.8 


1.60 


0.470 


1. 31 


47 


.0320 


14.7 


3.1 


1.76 


0.450 


1.39 


49 


.03x6 


10.5 


1.9 


1. 14 


0.678 


0.91 


33 


.041Z 


12.9 


2.5 


1.42 


0.633 


1.28 


43 


0341 


14.2 


2.9 


I 61 


0.644 


1.45 


45 


0337 


15.2 


3.2 


1.74 


0.622 


1.65 


50 


.03x0 


8.9 


1.5 


0.96 


0.957 


1.24 


41 


.0322 


II. 


2.0 


1. 18 


0.929 


1.70 


51 


.0278 


12. 1 


2.4 


1. 41 


0.993 


1.80 


48 


.0307 


13.0 


2.6 


1.54 


0.986 


1.96 


50 


.0303 






1.82 


6.500 


4.920 


45.1 


0350 






1.87 


7.000 


5.373 


46.9 


.0338 






1.36 


•I 1 . 600 


5.491 


43-6 


-0335 
.0361 






1.32 


17.000 


5-993 


39.8 


153 


2.0 


1.86 


2.500 


4.021 


59.0 


.0271 


172 


6.7 


6.05 


2.500 


7.180 


58.4 


.0352 






1.25 


9.650 


6.002 


54-7 


.0266 






2.33 




9.988 


66.4 


•02SS 






3.48 




10.194 


66.4 


.0275 






3.58 




13.579 


72.8 


.0253 






3.59 




13.943 


74.8 


.0246 






4.58 




13.746 


65.4 


.0294 






2.70 


3.333 


4.559 


48.1 


.0360 






0.42 


14.200 


2.332 


30.3 


.0337 






0.76 


•( 


4.526 


43.4 


.0292 






1. 21 


(( 


6.032 


46.0 


.0309 






0.25 


5-775 


1.250 


32.8 


.0272 






1.32 


7.735 


4-753 


47.0 


.0310 






2.95 


7.959 


7.419 


48.3 


.0366 



^^^BsoS GEXESAL FORMULA FOR VXIFOKM FLOW OF WATER. 1 

^^1 Class B. Open Channels^ | 


^^H LOCAT>OH tHD DlIHI><rtlO» <» Chankeu 


„™„. 


S»i«' 1 


^^^H liivvm and Canal» more or lens Irrvguhw, with 1 


^^H Rbiae, *t the Tudes Bridge, C^ntoii Grau- 

^^r bUndeo. 

^^ Coarse delritus. 


Quoted by Kulter. 




1 Tessin, oppoiite Giubiuco. 

r Reach quiie irregular. Bed of gravel, wilh 

1 occasional boulders; sballow near stores. 

^^B Current meler. 


Epper, 18S8. 




^H Limmat, near Ziiricb. 

^^V Irregular bed; very Utile detrltns. 


Quoted by Kutter. 




1 Engatlieen, near Frutieen, Canton Berne. 

Bed very Irregular, with very coarse 
detritus. 


Do. 




^^ Chesapeake and Ohio Canal Feeder. 

^^h Near Gcorgeiown, D. C. 
^^M In bxd 


Humphreys and Ab- 
bot, :859. 


"7 


^^ Etcher Canal, near Lake Walen, Canton 
1 Gtarus. 

Coarse gravel and delritus. 
Road floats. 


Legler. 

See Kutter. " Die 
neuen Formeln," etc. 


a 


River Salzach, Bavaria. 

From Bergheim to Wildshui, 

Delritus, 

Current meter. 


Reich. .855. 

See Kutter, -Die 
neuen Formeln," etc. 
also Grebenau, "Zu- 
satze,- etc. 


3 

5 
S 

7 

4 


Zihl, near Gottatatt, Canton Berne. 
Bed very irregular. 
Mud or fine delritus. 
Current meter. 


Trechsel. 1835. 
See Kutter, " Die 
neue Theorie," etc. 


5 


Kander, near Frutigen, Canton Berne. 

Bed irregular. 

Very coarse detritus. 


Quoted by Kutter. 




Scheuss Canal, near Biel. 
Earth, somewhat stony. 


Do. 




^ J 
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Greeks^ and Rivera. 



Sufface 

Width io 

Feet. 



Greatest 

Depth in 

Feet. 



Mean 

Hydraulic 

Radius 

in Feet, 

R 



Slope of 

Water Surface 

per 

Thousand, 

1000 S 



Mean 

Velocity 

per Second 

in Feet, 

V 



Coefficient, 
in Formula 

c 



Coefficient 

of 

RoukH- 

ness, 

n 



Detritus, Vegetation, or other Obstructions — Continued, 







2.92 


6.000 


4.231 


31.9 


.0485 






2.962 


0.254 


1.663 


60.6 


.0291 






3.160 


2.750 


5.346 


57.4 


.03x3 






3.31 


22.200 


8.856 


32 6 


.0550 


23 
23 


7.5 

7.6 


3.66 
3.70 


0.6985 
0.6985 


2.723 

3.032 


53.8 
59.6 


.0342 
.o3io> 






3.76 
4.42 


3.000 
3.000 


6.986 

8.364 


65.7 
72.6 


.0283 
.0263 






3.68 
3.53 

4.20 

7.39 

3.51 
4.64 

3.87 

4.26 


0.662 
0.940 
0.940 
1. 120 

1.550 
1.550 
1.796 
1.796 


3.543 
3.480 

4.034 

5.786 

4.100 

4.671 
4.448 
5.150 


71.7 
60.3 

63.9 
63.4 
55-4 
67.5 
53.4 
58.8 

61.0 

77.1 
69.1 


.0258 
.0306 
.0298 

.0337 

.0333 
.0287 

.0352 

.0326 






3.52 

5.02 

5.53 


0.400 
0.460 
0.810 


2.296 

3.706 
4.625 


.0300 
.0253 
.0290 






4.12 


9.180 


8.692 


44.7 


.0430 


2Z.3 




4.35 


1.850 


5.445 


60.8 


.03x4 



r. Ta. C. Elct [. 



Rod fcMit 5^ w n^ icai bafc ■ 



eecH^Vtec^aBl 



* Sec lfii.JBfh:tYs a&d AliboL 
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Creeks, and RiYers. 



Surface 

Width in 

Fed. 



Greatest 



Depth 
Feet 



in 



eet. 



Mean 

Hydraulic 

Radius 

in Feet, 

R. 



Slope of 

Water Surface 

per 

Thousand, 

lOOO .9 



Mean 

Velocity 

per Second 

in Feet, 



Coefficient, 
in Formula 

c 



Coefficient 
of 
Rough- 
ness, 



I>€triius, Vegetatiini, or other ObsirucHona — Continued. 







6.69 
3.12 
6.10 


0.787 
1.270 
1.270 


5.642 
4.198 
6.134 


77.8 
66.6 

69.7 


.0263 
.0270 
.0292 






4.22 
7.07 

7.78 


0.461 
0.800 

0.993 


2.821 

5.150 
7. 511 


63.7 
68.6 

85.3 


.0300 

.0305 
.0250 






4.58 
7.06 


1.776 
1.776 


5-445 
6.77 


61.0 
60.5 


.0320 
.0348 






II. 5 
14.9 

16.8 


O.IOO 
O.IOO 

0.120 


2.21 

3.38 
4.23 


65.2 
87.8 

9*.i 


.0385 
.0284 
.0264 






7.81 


0.090 


1.706 


64.6 


•0353 


1073 


8 


6.72 


0.0933 


2.515 


100.4 


.02Z0 


551 




8.66 
10.23 


0.220 
0.224 


3.67 
4.20 


84.0 

87-7 


.0257 
.0254 


344 
371 

430 
472 


13-12 


5.96 
8.70 

6.31 

6.75 
6.49 

9-44 
9.98 
10.52 
II. 06 
12.61 
13.55 


0.1834 
O.I9I7 
0.3986 
0.4107 
0.4IIO 
0.2000 
0.2000 
0.2167 
0.2167 
0.5316 

0.5504 


1. 410 
3 -470 
4.087 

4.950 
5-182 

4.064 

4.389 
4.756 
5.186 

7.924 
7.902 


42.7 
84.7 
81.3 
93.6 

lOI.O 

93.2 

97.9 
99 2 

105.5 

96.5 
91.9 


.0502 
.0257 
.0250 
.0216 
.0198 

.0234 
.0224 

.0222 

.0207 

.0230 

.0241 


243 


15 


9.46 


0. 1306 


3.413 


97.1 


.0228 



^^Bl2 GENERAL FORMULA FOR UNIFORM FLOW OF WATER. 1 

^H Class B. Open Channels, 1 


^^^K LocuiOK mat DsscumoH of Channu. 


'—■ 


S«ici. 


Rivera aniL Cawda, m<>re or less Irregular, with ' 


Theiss below Szolook. 

Bed irregular, iiand and much vegetation. 


Quoted by Kutter. 




Gentle curve in liie river, rather steep 
banks; thalweg changes from cenlre to near 
concave shore; coarse gravel, niih pebbles 

very slightly afier [reshels. 
^^m Reach, 5740 feet long. 

^H ' Same. 
^P Al high water. 
^H Reach, 1663 feet long. 
Surface floats. 


Harlacher, 1877-79. 
Harlacher, i83i. 




Sftone ttt Raconnay. 

Current meter. 

repotted as doubtful. 


LSveillfi, 1B58-9, 
(See Darcy and Ba- 


J 

5 
6 

7 

9 


Seine at Paris (between the bridges of 
Jena and Invalids). 
Reach fairly regular. 
Floats. 


Villevert. 

Experiments under 
the direction of M. 
Poir6c. 185 1-2. 

(See Darcy and Ba 
tin.) 


3 

4 
5 
6 
7 
S 
9 


. U 
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Creeks, and BiTers. 



Surface 

Width in 

Feet. 



Greatest 

Depth in 

Feet. 



Mean 
Hydraulic 
Radius in 

Feet, 
R 



Slope of 

Water Surface 

per 

Thousand, 

10006" 



Mean 

Velocity 

per Second 

in Feet, 



V 



Coefficient, 
in Formula 

v = c^RS, 

c 



Coefficient 
of 
Rough- 
ness, 

n 



Detritus, Veffetatitni, or other Obsirtictians — Continued, 







10.10 


0.017 


0.689 


53.6 


.0537 


342.8 


6.2 


3.51 


0.38 


2.49 


68.2 


.0268 


4". 3 


8.5 


5.18 


0.37 


3.74 


85.4 


.0229 


452.0 


II. 8 


7.77 


0.41 


4.95 


87.6 


.0239 


580.2 


25.3 


17.5 


0.49 


8.00 


86.3 


.0275 






3.88 


0.040 


0.564 


45.3 


.0425 






4.77 


f « 


0.814 


58.9 


.0348 






7.06 


(< 


0.988 


58.7 


•0399 






8.92 


<( 


1. 601 


84.8 


.0285 
.0280 






10.87 


«< 


1.854 


88.9 






II. 61 


t( 


1. 910 


88.6 


.0293 






II. 81 


(< 


1.942 


89.3 


.0292 






13.27 


(( 


2.254 


97.8 


.0270 






14.64 


t( 


2.369 


98.0 


.0277 






15.83 


t ( 


2.379 


94.5 


.0296 






5.66 


0.127 


2.093 


78.1 


.0263 






7.08 


0.133 


2.264 


73.7 


.0294 






8.43 


0.135 


2.418 


71.7 


•031S 






9.48 


0.140 


3.370 


92.5 


•0240 






10.92 


0.140 


3.740 


95.6 


.0238 






12.19 


0.140 


3.816 


92.4 


•0253 






14.50 


0.140 


4.232 


94.0 


.0255 






15.02 


0.140 


4. 5" 


98.3 


.0243 






15.93 


0.172 


4.682 


89.5 


.0272 






16.85 


0.131 


4.800 


102. 1 


.0238 






18.39 


0.103 


4.689 


107.6 


.0233 



fai4 GF.SEKAL FQJtHULA rOJt USlFOMJt FLOW Of WATER. 

dan B. Open Channels, 



lUren awtd Canais^ m»«rt w Icm frrey t gi y MrifA 



Ftoau BKd ia aU upanBCBU, except 
Nm. 3 ud 4. Cof rtidi tamat ncur «u 

Eipeiiiaeat* Nm. I and 9 « Ikolan. 
Noa. 3 aad 4 al Tnel; nmaiada al Pmssj. 
Reubcs Uiilj regular. 


Boaoel. 

the dir«imQo( M.Em- 
merr, tHs-l- 

fSee Darcy and Ba- 
zia.) 


I 

9 


Rhine at FtvCneen. abon the Rhine 
F.1U. 

Reach digfallr inesular. Bed of KiareL 
Cbanoet near left bank. Water mrbtd al 
lime of gaogiDg. 
Current meter. 


Epper. 1387- 




Rhine xt Noll, below ibe Rhine F«Us. 

Reach fairly regular. Bed of gravel, irilh 
occaaiDDai boulders ; shallow near sfaoies. 
Water torbid at lime of gaosiag. 

Cnrreiit meter. 


Do. 




Rhine at Bttle (near the bridge). 
Coarse detrilus, coarse gravel. 


Grebe nau. 1867. 




Rhine at Germersheim. 

Fine delrilus and gravel. 
Cuirenl tneicr. 


Do. 


3 


Rhine at Neubure. 
Deiriius. 


Quoted b)r Kutler. 




Rhine at Pfare. 

Deliitus. 


Do. 




Rhine at Speyet. 

Fine detritus and gravel. 
Current meter, at a large number of 
points. 


(Grebenau. '■ Zu- 
sStze," elc.) 





i 
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Creeks, and Bivers. 



Surface 

Width in 

Feet. 



Greatest 

Depth in 
Feet. 



Mean 

Hydraulic 

Radius' 

in Feet, 

R 



Slope of 

Water Surface 

per 

Thousand,* 

1000 >$* 



Mean 

Velocity 

per Second 

in Feet, 



V 



Coefficient, 
in Formula 

€ 



Coefficient 
of 
Rough- 
ness, 



Detrittis, Vegetation, or other Obstructions — Continued. 







7.10 


0.090 


2.310 


91.3 


.0236 






7.68 


0.087 


2.313 


89.5 


•02^5 

.0263 






11.24 


0.057 


2.362 


93.3 






12.43 


0.060 


2.359 


86.4 


.0205 

.0287 
.0278 
.0285 






13.57 


0.050 


2.372 


91. 1 






14.20 


0.054 


2.595 


93.6 






15.86 


0.062 


2.910 


92.7 






16.85 


0.067 


3.101 


92.4 


.0288 






17.87 


0.075 


3.330 


91. 1 


.0293 






6.732 


0.1573 


2.965 


91.8 


.0226 






7.00 


0.1618 


2.834 


84.2 


.0250 






6.89 


0.928 


6.363 


79.6 


.0259 






6.89 


1. 218 


6.380 


69.7 


.0300 






10.85 


0.247 


5051 


97.2 


.0230 






12. II 


0.307 


5.215 


85.4 


.0265 






17.27 


0.349 


6.101 


78.7 


.0303 






13.91 


0.391 


5.838 


78.9 


.0297 






13 -94 


0.357 


5.642 


79.8 


.0294 


1440 




9.72 


0.112 


2.909 


88.0 


.0258 



^^^M 206 GENEKAL FORMULA FOR UNIFORM FLOW OF WATER. 1 

^^B Class B. Open Channels, J 


^^H LucA-imN ANb D»M!N>.-ridH a, Channel. 


.„™ 


Series. ■ 


^^H Rivers and Canals more or less Irregular, tvith 1 


^^^r Grosbois Canal. 

■ Earth; covered wilh vegetation ac many 

r points. 

1 Trapezoidal: bottom width, 4,3 feet. 


Darcy and Bazin, 
1863. 


43—1 


I Grosbois Canal. 

1 Earth; covered with vegetation at many 

1 places, 

f Trapezoidal; bottom ividlh, 3.7 feet. 


Do. 


36— 


^^ CbaziUf Canal. 

^^^ Eanh (stony); little vegetation. 

^^H Trapezoidal; bottom width, 3.9 feet. 


Do. 


3S-. - 


Sirame Canal, Canton Berne. 

Very coarse gravel and detritus. 
Surface floats; mean velocity from Bazin's 
formula. 


Wampfler, 1867. 
See Kutler, " Die 




River Isar, Bavaria. 

Coarse gravel and detrituB. 
Gaugings at low and high water. 


Quoted by Grebcnau, 
1B67, in " Zusatze," 




Plessur, near Chur. 

Mean velocity deduced from surface veloci- 
ties and also rod floats. 


LaNicca, 1839- 


3 

S 
6 


Saare, near Laupen Bridge, Canton Berne, 
Irregular bed: coarse delrilus. 


Quoted by Kutter. 




Rhine, in the Rhine Forest. 

Coarse gravel and detritus. 
Mean deduced from surface velocities and 
rod floats, probably. 


La Nicca, 1839. 


3 


Rhine, in the Domleschger Valley. 

Coarse gravel and detrilus. 
Mean deduced from surface velotities and 
rod floats, probablv. 


Do. 


■3 


J 
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Creeks, and Rivers. 



Surface 

Width in 

Feet. 



Greatest 

Depth in 

Feet. 



Mean 

Hydraulic 

Radius 

in Feet, 

R 



Slope of 

Water Surface 

per 

Thousand, 

1000 S 



Mean 
Velocity 
per Second 
in Feet, 

V 



Coefficient, 
in Formula 

c 



Coefficient 
of 
Rough- 
ness, 



» 



J>€trUu8, Vegetation, or other Obstructions — Continued. 



10. 1 


1.7 


1.06 


0.420 


0.89 


42 


.0322 


12.3 


2.4 


1. 41 


0.470 


1. 18 


46 


.0320 


13.5 


2.8 


1.60 


0.470 


1. 31 


47 


.0320 


14.7 


3-1 


1.76 


0.450 


1.39 


49 


.0316 


10.5 


1.9 


1. 14 


0.678 


0.91 


33 


.04IZ 


12.9 


2.5 


1.42 


0.633 


1.28 


43 


.0341 


14.2 


2.9 


I 61 


0.644 


1.45 


45 


0337 


15.2 


3.2 


1.74 


0.622 


T.65 


50 


.0310 


8.9 


1.5 


0.96 


0.957 


1.24 


41 


.0322 


II. 


2.0 


1. 18 


0.929 


1.70 


51 


.0278 


12. 1 


2.4 


1. 41 


0.993 


1.80 


48 


.0307 


13.0 


2.6 


1.54 


0.986 


1.96 


50 


.0303 






1.82 


6.500 


4.920 


45.1 


0350 






1.87 


7.000 


5.373 


46.9 


.0338 






1.36 


-1 1 . 600 


5.491 


43.6 


.0335 






1.32 


17.000 


5.993 


39.8 


.0361 


153 


2.0 


1.86 


2.500 


4.021 


59.0 


.0271 


172 


6.7 


6.05 


2.500 


7.180 


58.4 


.0352 






1.25 


9.650 


6.002 


54-7 


.0266 






2.33 




9.988 


66.4 


.0255 






3.48 




10.194 


66.4 


.0275 






3.58 


1 « 


13.579 


72.8 


.0253 






3-59 




13.943 


74.8 


.0246 






4.58 




13-746 


65.4 


.0294 






2.70 


3-333 


4.559 


48.1 


.0360 






0.42 


14.200 


2.332 


30.3 


.0337 






0.76 


•( 


4.526 


43-4 


.0292 






1. 21 


tt 


6.032 


46.0 


.0309 






0.25 


s-ns 


1.250 


32.8 


.0272 






1.32 


7-735 


4.753 


47.0 


.0310 






2.95 


7-959 


7-419 


48.3 


.0366 



^^^H ai8 GENERAL FORMULA FOR UNIFORM FLOW OF WATER. 1 

^^H Class B. Open Chaunels, \ 


^^^P Location ahd Dueo.I'Tioh or CKAKHct. 
^^^H Uethod of Gauoing. 


■ a™^. 


15'" 1 


^^F B^vera and Canals, more or teas Irregular, with | 


Ore at Nevka, near St. Petersburg, Hnssia. 
Surface tloals; mean velocity irom De 
Prony's formula. 


Deslrem. 

(See Humphreys and 
Abbot.) 




Neva, in Russia, 

Surface floats; mean velocity from De 
Prony's formula. 


Do. 




Missouri River, at St. Charles, Mo. 

Twenly-five miles above moulh. 
Reach about two miles long, including a 
bend and a bridge with four piers. 
River bed is saud. 
Double floau. 


Missouri River Com- 
mission Report, 1B79, 




!• U 



TABLES FOR PRACTICAL USE, 



219 



Creeks, and Rivers. 



Surface 

Width in 

Feet. 



Greatest 

Depth in 

Feet. 



Mean 
Hydraulic 
Radius in 

Feet, 
R 



Slope of 

Water Surface 

per 

Thousand, 

1000 .S* 



Mean 

Velocity 

per Second 

in Feet, 

V 



Coefficient, 
in Formula 



e 



Coefficient 
of 
Rough- 
ness, 

n 



DetrituSf 


» Vegetation, or other Obstructions — Continued, 




881 
1 


21 


17.42 


0.01487 


2.049 


127.3 


.0252 


1218 


50 


35.42 


0.01389 


3.230 


145.6 


.0275 






5.65 


O.1137 


3. or 


118. 8 


.0167 






6.80 


0.1109 


2.97 


108.2 


.0191 






8.40 


0.1132 


2.83 


91.8 


.0238 


1 




8.15 


0.1150 


3.39 


no. 7 


.0193 






8.07 


0.1165 


3.25 


106.0 


.0202 






8.05 


0.1170 


3.10 


lOI.O 


.0212 






11.50 


0.1170 


3.78' 


103. 1 


.0222 






10.70 


0.1183 


3.63 


102.0 


.0222 






8.35 


0.1196 


3.02 


95.5 


.0229 






8.05 


0.1210 


2.96 


95.0 


.0237 






12.60 


0.1371 


4.46 


107.3 


.0213 


• 
to 




12.10 


0.1518 


3-97 


92.6 


.024S 






11.60 


0.1532 


3.90 


92.5 


.0247 






11.60 


0.1540 


3.85 


91. 1 


.0251 






7.72 


0.1558 


311 


89.7 


.0238 






14.1 


0.1615 


4.72 


98.9 


.0237 
.0228 






15.4 


0.1627 


5.14 


102.7 






13.0 


0.1672 


4.22 


90.5 


.0258 






14.7 


0.1673 


4.84 


97.6 


.0242 






14.7 


0.1677 


5.18 


104.3 


.0222 






14.6 


0.1683 


4.85 


97.8 


.0241 






154 


0.1752 


5.09 


98.0 


.0242 






15.4 


0.1764 


4.89 


93.8 


.0254 






12.5 


0.1774 


4.54 


96.4 


.0238 






II. 4 


0.1820 


4.27 


93.7 


.0242 






12.9 


0.1831 


4.48 


93.2 


.0248 






12.5 


0.1840 


4.35 


90.7 


.0254 
.0258 






13. 1 


0.1842 


4-44 


90.4 






II. 5 


0.1865 


4.44 


95.9 


.0236 






17.8 


0.1923 


6.16 


105.3 


.0224 






16.7 


0.2006 


5.57 


96.2 


.0247 






13.5 


0.2270 


5.65 


102. 1 


.0222 






17.7 


0.2337 


6.20 


96.4 


.0250 






13.9 


0.2354 


5-64 


98.6 


.0232 






14.5 


0.2412 


5.47 


92.5 


.0251 






14.7 


0.2435 


5.77 


96.5 


.0240 






13.4 


0.2470 


5.47 


95.1 


.0241 






14.9 


0.2590 


5.89 


94.8 


.0245 



N 



220 GENERAL FORMULA FOJi UNIFORM FLOW OF fVATER. 

Class B. Open Channels, 



Jlivern and Canaln, more or tesg Irreguiar, tvith 



InwBdi ftt Soilctha, BurmAh, 

Bed mostly land, wiih occasional shingit 
The right bank rocky in places, but generally 
covered with sand. 

Straight reach, nearly five miles long. 
Channel and maximum depth are near the 
riitht bank, varying in the teach /rom ten ic 
filty feet below low-water stage. 

The values of K. S. and i' are reductions 
to certain gauge readings of «vcn feet made 
from curves averaging the observed values. 

The slopes are averages from frequent 
readings on both sides of river nhiie rising. 
For very high and very low stages, the 
author says they may need correction. 

Double floats were used, but comparative 
measuremcntB made in 1882 with electr- 
metcrs show thai the original velocities 
recorded require about io)( reduction. This 
correction has been made. 



Ohio 






The upper and lower mile of a fi' 
reach are comparatively straight ai 
form, but in the central three miles th 
nel changes from one side 10 the other 
causes a number of perlurbati 



Chan 



The table refers only to upper and lower 



Miisisaippi River at Fulton, Tenn. 

Hed, sand; reach nearly two miles; fairly tr 
straight and regular, though forming a basin 
with bars near upper and lower ends of n 

Double floats. 



TABLES FOa PRACTICAL USE. 

Creeks, and Rivers. 



°KS." 



J3Mrtius 






3395 


3 


16.33 


0.00861 r 


007 


85.1 


0430 


35^8 


3 


'7 


52 


0.01291 I 


459 


97,0 


0357 
0336 


3710 


39 


IS 


49 




783 


99.9 


3930 


4 


19 


83 


0,0215a 3 


083 




0338 


4^08 


43 


'9 




0.02533 2 


360 


103.9 


0304 


4605 


4 




40 


0.03013 a 


5ao 


105.7 


0292 

0286 


4780 






13 


0.03444 3 


857 


105.9 


4BOT 


49 




97 


0.03B74 3 


091 


103.6 


0293 


4859 


5 


24 


70 


O.OJ304 3 


321 


101. g 


oym 


4B99 


53 


26 


43 


0.04735 3 


548 


100.3 


0306 


4938 


55 


38 




0.05165 3 


771 


99-0 


031a 


4970 


57 


39 




o.055g6 3 


993 


97.8 


0315 


4976 


59 


3' 


63 




213 


96.4 


0320 


4982 


6 


33 


57 


0^06456 4 


433 


95.2 


0325 


4988 


6 


3S 


44 


0.06S87 , 4 


65a 




0330 


4994 


5 


37 


31 


07317 4 


874 


93-3 


0336^ 


5«W 


6 


39 


16 


0.07748 5 




ga.B 


0337 


SOU 


69 


41 




0.08178 5 


33a 


92.9 


0336 


50J5 


7 


42 


S3 


0.08608 5 


717 


94, a 


0327 


5045 


73 


44 


47 


0.09039 6 


147 


97.0 


0314 


4970 




17 


90 


o-ua 3 


Is^ 


67.0 


0403 


4970 




13 


91 


0.142 3 


500 


67.6 


0405 


5100 




33 


66 


0-134 3 


362 


71.3 


0403 


S420 




34 


06 


0.124 3 


63 1 


67.4 


0434 
0469 


S650 




39 


53 




077 


66.3 


5545 




31 


06 


0.13a 3 


S04 


59-4 


oSAtt 


3375 




23 


go 


o.oBooo 4 


043 


93-4 


0303 


4030 




34 




0,08350 3 


689 


83.7 


0351 


3300 




34 


70 


0.08466 3 


436 


75-1 


040a 


4iao 




39 


9' 


0.11150 4 


349 


75.3 


0400 


4050 




31 


7a 


0.11330 4 


136 


68.8 


0463 


4130 




37 


96 


0.12180 4 


750 


69,9 


0460 


8465 


39 


5 39 


6 


0.01444 a 


20 


106.2 


0384 


2467 


40 


30 


4 


0.01870 a 


35 


g3.& 


0402 


3463 


40 




4 


0.01906 2 


37 




040tt 


3501 


43 


sa 


9 


0.02094 a 


S2 


107.4 


0361 


3569 


51 


40 




0.04762 4 




96.6 


Sit? 


3563 


49 


5 39 


3 


0.04950 4 




91.6 


3588 


5a 


5 41 




0.05131 4 


49 


97.8 


0348 


3598 


69 


53 


5 


0.06170 7 


47 


130.0 


0230 


S615 


68 


53 


7 


0.07397 7 


74 


122.8 


0243 



I. 



^^H 222 GENERAL FORMULA FOH UNIFORM FLOIV OF WATER. 1 

^^m Class B. Open Channels, 1 


H ""'"■cit;";-'^"*-^ — • 


Series. ■ 


^^V Bivern and Canals, more or leas Irregular, with 1 


^^H^ Mississippi River at Columbus, Kj. 


Humphreys and Ab- 
bot, 1658. 


5 


^^H Double floats. 


Do. 


S 
9 
7 

6 


^^r Mississippi River at Caxrolton, La. 

^^ Bed, vciy fine sand; banks comparatively 

stable. 
A short, sharp bend of about 130° between 
1' two straight reaches, each about two miles 

in length. At the bend there was a power- 
™_ lul eddy. 
^^H Local slopes varied greatly. 
^^H The table contains the average slope over 
^^^H the entire distance, taken on other days (rom 
^^H those on which the velocities were measured, 
^^H but are believed 10 apply fairly well to the 
^^H respective ^augings. 

^^P The results at the mean stages of the river 
^^H are considered the most trustworthy. 
1 Double floats. 


Miss. River Com 
mission Report of i832. 




Double floats. 
High water, 1851. 


Humphreys and Ab- 
bot. 1851. 


3 
4 


I^^^^^l 
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Creeks, and Rivers. 



Surface 

Width in 

Feet. 



Greatest 

Depth in 
Feet. 



Mean 

Hydraulic 

Radius 

in Feet, 

R 



Slope of 

Water Surface 

per 

Thousand, 

1000 6^ 



Mean 

Velocity 

per Second 

in Feet, 

V 



Coefficient, 
in Formula 

V = c^RS, 

e 



Coefficient 

of 

Rough- 



ness, 



J}etritu8, Vegetation^ or other Obstructions — Continued. 



2214 


88 


65.88 


0.0680 


6.958 


103.9 


.0327 


2507 


63 


31.16 


0.02227 


3.523 


133.8 


.0307 


2556 


83 


52.12 


0.03029 


5.558 


139.9 


-0253 


2732 


lOI 


64.52 


0.04365 


6.825 


128.6 


.0267 


2580 


90 


57.37 


0.04811 


6.319 


120.3 


.0283 


2729 


100 


64.10 


0.06379 


6.950 


108.7 


.0308 


2359 


86 


57.6 


0.0097 


2.95 


124.8 


.0452 


2369 


86 


60.7 


0.0097 


3.38 


139-3 


.0400 


2392 


88 


58.8 


0.0105 


352 


141. 7 


.0378 
.0383 


2401 


90 


59.6 


0.0112 


3.58 


138.6 


2423 


89 


57.7 


0.0112 


3.73 


146.7 


.0354 


2417 


90 


58.5 


0.0112 


3-91 


152.8 


-0333 


2417 


91 


59-3 


0.0112 


4.05 


157.2 


.0322 


2565 


90 


63.4 


0.0127 


5.08 


179.0 


.0261 


2665 


95 


58.7 


0.0136 


5.33 


188.6 


.0229 


2565 


91 


64.2 


0.0137 


4.54 


153-1 


.0320 


2582 


92 


57-2 


0.0139 


4.46 


158.2 


.0290 


2541 


87 


65.6 


0.0142 


5.13 


168. 1 


.0276 


2445 


88 


60.8 


0.0143 


4.39 


148.9 


.0318 


2438 


90 


62.5 


0.0143 


3.89 


130. 1 


.0397 


2636 


92 


62.6 


0.0165 


5.24 


163.0 


.0267 

*02Z8 


2647 


93 


63.1 


0.0165 


5.90 


182.9 


2421 


131 


73-53 


0.00342 


4.034 


254-4 


.0205 


2429 


132 


74.39 


0.00384 


3.978 


235.3 


.0267 


2656 


136 


72.46 


0.01713 


5.887 


167. 1 


.0273 


2653 


136 


72.03 


0.02051 


5.929 


154.3 


.0277 



TABLE II. 

(English measure.; 

This table contains the values of 

a + ^ 
n 

for different degrees of roughness varying from n = .0070 to 
.050, and the values of 

m 

~S 

for different slopes varying from o to 00, so that for any givea 
case the value 



^=(»+3+(f) 



in the general formula for the coefficient c. 



c = 



I A zrr 



may be found simply by addition. 

The value of x may then be readily obtained from 

X ^=^ny — /. 

The numerical values for the constants a^ /, and m from 
which the Table is computed are : 

a = 41.66; 
/= 1.81132; 
m = 0.0028075. 
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VAL 


UES FOR 


• + f 






A 


^^H 0.0070 


300. ^a 


.0130 


180.99 


0.0190 


13699 


0.0190 


\ 

104-11 1 




.007s 


383.17 


.0135 


175 


83 




01 95 


'34 


55 




0300 








■ooSo 


168,07 


.0140 


171 


04 






132 


23 




0320 


98 


.26 




.0085 


254.76 


.OT45 


166 


58 




0205 


130 






0340 


94 


93 






242.92 


0150 


162 


41 








91 




0360 


9 


-97 




.009s 


231.33 


.0155 


.53 


52 






133 


99 




0380 


Sq 


33 






322.79 


0160 


t54 


87 




0230 








0400 


8G 


.94 


^^H 
^^H 


■ oios 

.0110 


214.17 
206.33 


.0165 
0170 


151 


44 


^ 


0240 
0250 


117 


13 


° 


0440 


84 
82 


-79 

■83 


148 






.0115 


199.17 


.0175 


145 


16 




0260 




33 




0460 




.04 






192.60 


.0180 




29 




0270 


108 


75 




0480 


79 


.40 




.ous 


186,57 


01B5 


13957 1 


0.0a 80 


106 


35 


0.0500 


77 


.89 






VA 


LUES FOP 


5" 








^^B 


f 


s 


'i 


^ 


J 


-. 


i^ 


^^H DOOOOO 


ce 


ooooii" 


100. a? 


000062 


45.2a 


000300 


9-36 






2807.54 




96 


81 




43 


87 


000350 


8 


09 






1403.77 




93 


53 




42 


54 


000400 


7 








935-85 


000031 


90 


57 


000068 


4f 


29 


000450 


6 


24 






701. BB 


000032 


87 


74 


000070 






000500 


5 


62 




000005 


561.51 


000033 




08 


000072 


38 


99 






68 




000006 


467.91 


OU0034 


82 


57 


000074 


37 


94 










000007 


401. oS 


000035 


80 






36 


94 


000800 


3 






oooooS 


350. g4 


oo<«36 


11 


m 


000078 


35 


99 


000900 


3 








311.95 


000037 


75 


88 


000080 


35 


09 






81 




OOOOIO 


280,75 


00U033 


73 




ODO08; 


33 


03 


DO1250 




25 






255-23 


000039 




99 




31 


J9 


OU1500 




87 






233,96 




70 


19 


000095 


29 


55 


001750 




60 




000013 


2.5-9G 




68 


48 




3B 












000014 


200.54 


00004a 


66 


86 




2S 


5 = 


002500 








000015 


187-17 


000043 


65 


ag 




23 








94 




000016 


175.47 


000044 


63 


81 
















000017 


165.15 


000045 




39 






03 


005000 




56 




OOOOlS 


155-97 






03 


000150 




72 


006000 




47 






147-77 


000047 


59 


73 


000160 


'7 


55 


007000 










140-38 


000043 


S8 




000170 


16 




008000 




35 






133.69 




57 


30 


ODOiao 


'5 


60 












127,62 




56 


'5 


OOOIQO 




78 






28 




000023 


122.07 


000052 


53 


99 




14 


04 






H 




000024 


116.98 


OOOD54 


51 


99 






76 


030000 




og 




000025 


112.30 


D00056 


50 


14 


000240 




70 


05COO0 




06 




000026 


107.98 


000058 


48 


4t 


000260 










03 




000027 


103.98 


000060 


46 


79 


0002B0 


10 


03 


" 


° 




M u 



TABLE III. 

(English measure.) 

This table contains the values of 

y and x 

in the general formula for the coefficient r, 



c = 



.+ ' 



4/^ 

for a large number of slopes and values of n. 

They were mostly obtained by converting into English 
measure the values computed by Mr. Chas. H. Swan, C.E., 
and contained in the Trans. Am. Soc. C.E., 1880. 

They may be used also for the purpose of plotting the slope- 
or grade-curves in the diagram, Plate VII J, j^ and x representing 
their coordinates. The construction of such a diagram is 
thereby rendered quite easy. 
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TABLE IV. 

(English Measure.) 

This table contains the values of the 

coefficient c 

in the general formula 

for a number of slopes and values of «, as given in "The 
Civil Engineer's Pocket-book/* by John C. Trautwine. 
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TABLE V. 

Metric ConTersion Tables. 

In the following table are grouped only those units which 
are likely to be employed in matters relating to the flow of 
water in open channels. The values * given are based upon 
the following : 

I meter = 39.37079 inches; 
I U. S. gallon = 231 cubic inches; 
I Imperial gallon (British) = 277.274 ** 
I cubic centimeter of water = i gram. 

To convert either of the coefficients c, a, /, or m, of the 
general formula, from metric into English measure, they must 

be multiplied by 1^3.2809 = 1.8 1 1325. 

To convert either of the coefficients from English into- 

metric measure, they must be multiplied by . = ^ = 0.552083. 

1/3.2809 

*See "Tables of Equivalents of Units of Measurement," prepared by Carl 
Hering (New York, 1888), from which most of the values are taken. 
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239 



1 British Imperial Q^allos 


_ z::z 


o.cx>45435 cubic meter 


5.657 3S65 




^ 


277.274 cubic inches 


' 2.442 9091 




= 


0.16046 cubic foot 


T.205 3654 




— 


1.20032 U. 


S. gallons 


0.079 2970 


1 cubic centimeter 


= 


0.0610270 cubic inch 


2.785 5223 


lUter 


^ 


1000. cubic centimeters 


3.0000000 




= 


I. cubic decimeter 


0.0000000 


■ 


= 


61.027042 cubic inches 


1.785 5223 




= 


0^0353166 cubic foot 


2.547 9787 




= 


0.2641863 U. 


S. gallon 


T.421 9103 




^ 


0.2200966 British Imperial gallon 


1.342 6132 


1 cubic meter 


= 


35.316585 cubic feet 


1.5479787 




^- 


264.1863 U. 


S. gallons 


2.421 9103 




= 


220.0966 British Imperial gallons 


2.3426132 




"^ 


1.308022 cubic yards 


0.1 16 6148 




Weight of Water. 




1 cubic inch weighs 




252.88 


grains 


2.402 9097 






0.036125 


pound 


5.557 8117 






16.386 


grams 


1.2144777 


1 cubic foot weighs 




62.425 


pounds 


1.795 3553 






28.3153 


kilograms 


1.452 0213 


1 U. S. gallon weighs 




8.3448 


pounds 


0.921 4237 






3.7852 


kilograms 


0.5780897 


1 British Imperial gallon 


we 


ighs 10.0165 


pounds 


i.ooo 7208 






4.5435 


kilograms 


0.6573868 


1 cubic centimeter weigh 


s 


15.4323 


grains 


1. 188 4322 






I. 


gram 


0.0000000 


1 liter weighs 




2 . 204672 


pounds 


0.343 3340 






1000. 


grams 


3 0000000 


1 cubic meter weighs 




2204.672 


pounds 


3.343 3340 






1000. 


kilograms 


3.0000000 


1 pound measures 




27.681414 


cubic inches 


1.442 1883 






0.016019 


cubic foot 


2.204 6447 






0.119833 


U. S. gallon 


T.078 5763 






0.099834 


British Imperial gal. 


2.999 2792 






453.59263 


cubic centimeters 


2.6566660 


•• 




0.45359 


liter 


1.656 6660 






0.00045359 meter 


4.656 6660 


1 kilogram measures 




61.027042 


cubic inches 


1.785 5223 






0.0353166 


cubic foot 


5.5479787 






0.2641863 


U. S. gallon 


I.421 9103 






0.2200966 


British Imperial gal. 


T. 342 6132 






1000. 


cubic centimeters 


3.0000000 






I. 


liter 


0.0000000 






O.OOI 


cubic meter 


3.0000000 
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Velocity. 



1 toot p«r lecond 


= 


0.304754 


meter per second 


1.4840071 




= 


0.681818 


mile pet hour 


T.833 6f.S7 


I miU p«r honr 


= 


0.44703a 


meter per second 


I 650 3384 




= 


1.466666 


(eet ■■ 


0.166 3313 


ImgtstperfNond 


= 


3.380899 


feet 


0.5159939 




= 


2.236^77 


miles per hour 


0.3496616 



1 CQbic foot per leeond 



1 C 8. g&tlOD per iMond = 



1 Brit. Imperial g^l. p. SM. = 



1 onbic metar •pet Moond : 



DiSCH&BOE. 

38.315313 liters per second 
0,0183153 cubic meter per second 
7.4805a U. S. gallons '■ 
6.23310 Brilisti Imp, gal. per sec. 
3.7853079 liters per second 
0.0037S53 cubic meter per second 

231. cubic inches " " 

0.1336806 cubic foot " ■' 
0.833111 British Imp. gal. per sec 
4.343461 liters per second 
0.004534 cubic meter per second 

377.374 cubic inches " " 

O,l60'46 cubic foot " " 
1.30033 U. S.gallons " " 
0.0353166 cubic foot '■ " 
0.S641863 U.S. gallon ■■ 
0,3200966 British Imp. gal. per sec. 
35-316585 cubic feel per second 

264.1S&3 U. 5. gallons per second 

320.0966 British Imp. gal. per sec. 
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